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G e W N

Simple Summary: This is the first nationwide study on chemotherapy use and intensive care unit
(ICU) admission in the last three months before death in patients with cancer of the stomach or
esophagus. Chemotherapy use and ICU admission shortly before death were relatively infrequent in
the Netherlands. Chemotherapy was used less often in hospitals that treat many patients compared
to hospitals that treat fewer patients. In patients that received chemotherapy before their final three
months before death, chemotherapy was prescribed four times more often in the last three months
before death compared to patients without previous chemotherapy use.

Abstract: Since intensive care unit (ICU) admission and chemotherapy use near death impair the quality
of life, we studied the prevalence of both and their correlation with hospital volume in incurable gastroe-
sophageal cancer patients as both impair the quality of life. We analyzed all Dutch patients with incurable
gastroesophageal cancer who died in 2017-2018. National insurance claims data were used to determine
the prevalence of ICU admission and chemotherapy use (stratified on previous chemotherapy treatment)
at three and one month(s) before death. We calculated correlations between hospital volume (i.e., the
number of included patients per hospital) and both outcomes. We included 3748 patients (mean age: 71.4
years; 71.4% male). The prevalence of ICU admission and chemotherapy use were, respectively, 5.6% and
21.2% at three months and 4.2% and 8.0% at one month before death. Chemotherapy use at three and
one months before death was, respectively, 4.3 times (48.0% vs. 11.2%) and 3.7 times higher (15.7% vs.
4.3%), comparing patients with previous chemotherapy treatment to those without. Hospital volume was
negatively correlated with chemotherapy use in the final month (ryeighted = —0.23, p = 0.04). ICU admission
and chemotherapy use were relatively infrequent. Oncologists in high-volume hospitals may be better
equipped in selecting patients most likely to benefit from chemotherapy.
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1. Introduction

Gastric and esophageal cancer are the sixth and ninth most prevalent cancers world-
wide [1]. They account for 8.2% and 5.3% of cancer-related mortality, respectively [2,3].
This high mortality rate is partly explained by the relatively large proportion of patients
(30% to 40%) with stage IV cancer at the time of diagnosis [4,5]. Curative treatment op-
tions in these patients are unavailable, and consequently, care focuses on symptom relief.
Palliative chemotherapy can play a role in the treatment of these patients by extending
lifetime while retaining the quality of life [6]. However, in a palliative setting near the end
of life, aggressive treatment, such as intensive chemotherapy or admission to an intensive
care unit (ICU), is often not appropriate, as these treatments are associated with depression
and worse quality of life for patients and family caregivers [7]. Consequently, the costs
of medical care will increase, without apparent benefit. On the other hand, interventions
aimed to reduce aggressive treatment near the end of life are associated with an improved
quality of life [8-10]. In addition, considering the strong rising health care expenditures,
expensive treatments without apparent benefit should be critically reviewed.

The use of chemotherapy and ICU admission in the last phases of life are associated
with younger age, male gender, non-white ethnicity, lower cancer stage, and the presence of
comorbidities [11,12]. It has also been suggested that there might be a correlation between
ICU admission and type of hospital (small, community, or teaching) [11]. For high-volume
hospitals, longer survival times have been reported for patients with gastric and esophageal
cancer compared to lower-volume hospitals [13]. Although case-mix factors cannot be
excluded, a higher level of experience in health care workers, which comes with increased
exposure to this patient population, may also contribute to these findings. Therefore, it
may be hypothesized that this same level of experience could result in a more balanced use
of aggressive treatment near the end of life.

Only a few publications on the use of chemotherapy or ICU admissions near the
end of life in patients with gastric or esophageal cancer are available. In these studies,
chemotherapy use varied from 8% in the last month before death [11] to 36% in the final
three months [14]. Admission to an ICU in the last month occurred in 6% to 19% of
patients [11,12], and these proportions appeared to be higher in patients that previously
received palliative chemotherapy [15]. However, these studies are subject to varying
limitations: e.g., they were conducted in only one region [11] or a single hospital [15],
patients were selected for having one specific health care insurance plan [14], or the study
focused only on in-hospital deaths among metastasized patients [12] or grouped all cancers
of the digestive tract together [11].

To address these issues, we conducted an observational, nationwide study in the
Netherlands in all deceased patients with gastric and esophageal cancer to answer the
following questions: (1) to what extent are patients treated with chemotherapy and/or
admitted to the ICU in their final months; (2) to what extent is chemotherapy continued
near the end of life; (3) to what extent are these treatment decisions related to the number
of experience of the healthcare institutions?

2. Methods
2.1. Study Design and Population Selection

The research questions are answered using Dutch medical claims data. These data
cover the whole Dutch population, containing claims of all patients, healthcare providers,
and claims of delivered care from health care institutions to health care insurance compa-
nies. Demographic characteristics such as age and gender are also available. Claims include
both prescribed medications as well as interventional procedures, including radiotherapy.
The supplementary material (Tables S1-56) describes the definitions that were used.

The research population for this study is defined as deceased patients diagnosed with
gastric or esophageal cancer without curative treatment. We selected all deceased patients
in 2017 and 2018 who had a diagnosis of gastric or esophageal cancer. Patients that received
one or more potentially curative treatments were excluded from the population. These
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included: surgical resections, radiation in combination with chemotherapy, and endoscopic
mucosal resection or endoscopic submucosal dissection. Chemoradiation was defined as at
least fourteen radiation fractions with at least one chemotherapy treatment session within
four days after the start of radiation. Patients that first received curative treatment and in a
later stadium underwent palliative treatment were excluded as well since the structure of
the data did not allow distinction between these patients and patients receiving curative
treatment only. Treatment schemes with chemotherapy in the month before the start of
radiation were regarded as palliative treatment.

2.2. Outcomes and Characteristics

Treatment of the palliative population in one (30 days) and three months (90 days)
before death was studied with regard to ICU admission for at least one day and chemother-
apy administration (at least one treatment session). For chemotherapy, analyses were
stratified on chemotherapy treatment prior to the final month or final three months. This
was done to detect a potential influence of previously started chemotherapy on the admin-
istration of chemotherapy near the end of life. Previous chemotherapy use was defined as
chemotherapy initiated prior to the final month or final three months. We used hospital
volume, defined as the number of patients that were included in the research population
per institute, as a proxy for hospital experience. We hypothesize that increased hospital
experience (i.e., the experience of hospital personnel with the studied patient population) is
related to the improved distinction between patients that benefit from aggressive treatment
and those who do not. Hospital volume was operationalized in two ways. First, the specific
measure of hospital volume was defined as the number of patients per institution who
met the inclusion criteria for this study and the specific indicators. This measure reflects
hospital experience with patients in a palliative setting in the final months of life. Patients
who were treated in more than one hospital were assigned to the hospital with the most
declarations for treatment of gastroesophageal cancer in the two years before death (if
there was an equal number of declarations, the last declaration was decisive). Second, to
explore whether hospital experience with chemotherapy prescription per se is associated
with the outcome indicators, we used a broader treatment experience measure not limited
to deceased or palliative patients. For this broader experience measure, the volume of all
gastroesophageal cancer patients that received systemic treatment in a curative setting or
palliative systemic therapy was calculated, as described earlier [16]. With the aim to reflect
current practice, the volume of recent years (2017 and 2018) was used. Age and gender
were analyzed as background characteristics.

2.3. Statistical Analyses

Comparison of means was performed with independent sample t-tests, equal vari-
ances assumed. Comparison of percentages was performed with contingency tables and
chi-square tests. The relation between the treatment and hospital experience was studied
with correlation analyses at the hospital level.

The correlations were weighted, where the weight was the number of observations
(patients) in order to avoid results that were highly influenced by institutional-level statis-
tics by small patient number institutes. All reported statistical tests are two-tailed where
p < 0.05 was considered to be statistically significant. All analyses were performed with
SAS software (version 9.4, SAS Institue Lnc., Cary, NC, USA).

3. Results
3.1. Population

Figure 1 shows a flowchart of the population definition. In total, 4881 patients diag-
nosed with gastric or esophageal cancer died in 2017 and 2018. Patients who received one
or more curative treatments (in total N = 1133) were excluded from the population. The
remaining population consisted of 3748 patients.
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Deceased patients in 2017 and 2018
Diagnosed with gastric or esophageal cancer
N = 4,881

Exclusion: one or more
curative treatments
N =1,133

Surgical resections (N = 718)
Radiation in combination with
chemotherapy (N= 723)
EMR orESD (N =35)

Deceased patients in 2017 and 2018
diagnosed with gastric or esophageal cancer
without curative treatment

N =3,748

Figure 1. Flowchart of population definition.

The average age at the time of death was 71.4 years (standard deviation (SD) = 11.1).
Most patients were male (71.4%). Table 1 summarizes other descriptive statistics of the
population of patients.

Table 1. Descriptive characteristics of included patients.

Demography and Cancer Characteristics Findings
Men—no. (%) 2676 (71.4%)

Age at time of death—mean (SD) 714 (11.1)
Esophageal cancer—no. (%) 2448 (65.3%)
Gastric cancer—no. (%) 1300 (34.7%)

Comorbidities
Hypertension—no. (%) 2413 (64.4%)
Diabetes—no. (%) 766 (20.4%)
COPD—no. (%) 515 (13.7%)
Clinical descriptives

Radiation therapy in the final 3 months—no. (%) 739 (19.7%)

Deceased in hospital—no. (%) 865 (23.1%)

3.2. ICU Admission and Chemotherapy

Of all included patients, 5.6% were admitted to the ICU three months before death
and 4.2% in the last month before death (Table 2). Chemotherapy was administered in
21.2% of patients in the last three months before death and 8% one month before death.
Chemotherapy use at three months before death was more prevalent among patients
that already received chemotherapy prior to the three months before their death (48.0%)
compared to those that were treatment-naive (11.2%; relative risk (RR) = 4.3; 95% confidence
interval (CI) = 3.8-4.8). Similar results were found if chemotherapy use in the final month
before death was the outcome of interest; this was more prevalent among patients that
used chemotherapy prior to their last month (15.7%) compared to those that did not (4.3%;
RR: 3.7; 95%CI = 2.9-4.6).
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Table 2. Prevalence of intensive care unit (ICU) admission and chemotherapy in the months before death.
Outcome of Interest 3 Months before Death Final Month before Death
Patients (no.) Pop(;lli)a’)non % Patients (no.) Population (no.) %
ICU admission 209 3748 5.6% 156 3748 4.2%
Chemotherapy 795 3748 21.2% 299 3748 8.0%
Chemotherapy within subpopulations
With previous 488 1017 48.0% 191 1216 15.7%
chemotherapy
Without previous 307 2731 11.2% 108 2532 4.3%
chemotherapy

ICU: intensive care unit; no.: number.

3.3. Outcomes in Relation to Age and Gender

Admission to the ICU was not significantly related to either age or gender. The average
age in patients with and without ICU admission in their final three months was 70.2 years
(standard deviation (SD) = 10.4) and 71.4 years (SD = 11.2; p = 0.13), respectively. For ICU
admission in the final month, we found a similar pattern: patients with and without ICU
admission were, on average, 70.4 (SD = 9.9) and 71.4 (SD = 11.2) years old (p = 0.29)).

The percentage of males among patients with ICU admission in their final three
months (69.9%) did not differ significantly from those without ICU admission in this
period (71.5%; p = 0.61). The same holds for the final month (73.7% versus 71.3%; p = 0.51).

Patients receiving chemotherapy in their final three months were younger (mean age:
64.3 years, SD = 9.9) compared to patients who did not receive chemotherapy (mean age:
73.3 years, SD = 10.7; p < 0.001). For the final month, we found a similar pattern: mean age
was 65.4 years (SD = 9.7) and 71.9 years (SD = 11.2; p < 0.001) in patients that, respectively,
did and did not receive chemotherapy. Patients who received chemotherapy before their
final three months were relatively young (63.5 years, SD = 10.0) compared to those who did
not receive chemotherapy before (65.6 years, SD = 9.7; p = 0.004). This difference was not
significant in the final month; patients who received chemotherapy previously (64.6 years,
SD = 9.4) have a comparable mean age with the group without previous chemotherapy
(66.6 years, SD = 10.0; p = 0.09).

Chemotherapy use in the final three months was more prevalent among males com-
pared to females (22.8% versus 17.3%; p < 0.001). In the final month, the difference in
chemotherapy use is borderline significant (8.5% in males and 6.6% in females; p = 0.05).

3.4. Outcomes in Relation to Hospital Experience

First, we studied the relation of ICU admission and chemotherapy treatment with
the specific hospital experience measure for these indicators (Table 3). We did not find
a significant correlation between the specific hospital experience and ICU admission
in the last three months (ryeighted = 0-18, p = 0.11), but the correlation was borderline
significant for chemotherapy use in the final month before death (ryeighteq = 0.20, p = 0.07).
We found no correlation between specific hospital experience and chemotherapy use in
the final three months before death (tweighted = —0.12, p = 0.29). However, there was a
significant negative correlation between hospital experience and chemotherapy use in
the final month (ryeighted = —0.23; p = 0.04). This particularly holds for patients without
previous chemotherapy in their final month (ryeighted = —0.23; p = 0.03) but not for patients
with previous chemotherapy (ryeighted = —0.18; p = 0.12).
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Table 3. Correlation of hospital number experience per indicator and ICU admission or chemotherapy use before death.

Outcome of 3 Months before Death Final Month before Death
Interest
Correlation r Significance Correlation r Significance p Institutions (no.)
(Weighted) p (Two-Tailed) (Weighted) (Two-Tailed) )
ICU admission 0.18 0.11 0.20 0.07* 81
Chemotherapy —0.12 0.29 —0.23 0.04 ** 81
Chemotherapy within subpopulations
With previous —0.12 0.30 —0.18 0.12 75
chemotherapy
Without previous _021 0.06 * 023 0.03 ** 81
chemotherapy

ICU: intensive care unit; no.: number; * p < 0.10; ** p < 0.05 (two-tailed); correlations are weighted for number of observations.

Second, we studied the relation of ICU admission and chemotherapy treatment with
the broader hospital experience measure (Table 4). This broader definition of experience
was not significantly correlated with ICU admission or chemotherapy use in patients’ final
months. However, within the subgroup of patients who were treated previously to their
final three months of life, we found a significant negative correlation with chemotherapy
in the final three months before death (r = —0.23; p = 0.04).

Table 4. Correlation of treatment with volume of patients with chemotherapy per healthcare institute.

Outcome of

3 Months before Death Final Month before Death
Interest
Correlation r Significance Correlation r Significance Institutions (no.)
(Weighted) p (Two-Tailed) (Weighted) p (Two-Tailed) )
ICU admission 0.02 0.84 0.07 0.55 81
Chemotherapy —0.01 0.92 —0.07 0.55 81
Chemotherapy within subpopulations
With previous —0.23 0.04 * —0.11 0.33 75
chemotherapy
Without previous ~005 0.67 008 046 81
chemotherapy

ICU: intensive care unit; no.: number; ** p < 0.05 (two-tailed); correlations are weighted for number of observations.

4. Discussion
4.1. Main Findings

In this nationwide, observational study in 3748 deceased patients with gastric and
esophageal cancer, we found that chemotherapy was used by, respectively, 21.2% and 8.0%
of patients at three months and one month before death. Chemotherapy use in the final
three months was about four times higher among patients with prior use of chemotherapy
compared to those without. Admission to the ICU in the three months or last month
before death occurred in 5.6% and 4.2% of patients, respectively. Furthermore, we found a
significant negative correlation between the number of palliative patients in the hospital
during the last phase of their life and the use of chemotherapy in a patient’s last month.
This particularly holds for patients not previously treated with chemotherapy. Using the
prescription of chemotherapy in both the curative and palliative patients as an experience
indicator, a significant negative correlation with chemotherapy use was found for patients
in the final three months of life who were treated with chemotherapy before. There was no
correlation between this hospital experience indicator and ICU admissions.
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4.2. Clinical Relevance

Compared to previously published data, the prevalence of chemotherapy use near the
end of life is lower in the Netherlands than in other western countries such as Canada [11]
and France [14]. Patient selection might explain this difference. The Canadian study
included a broader group of patients (i.e., all patients with cancer of the digestive tract), in
which indications for chemotherapy differ from patients with gastric or esophageal cancer
only. These indications might result in prolonged use of chemotherapy near the end of life.
The French study included in-hospital deaths only; it can be suspected that a substantial
part of these patients was admitted due to an unforeseen event, and thus the cancellation
of chemotherapy in anticipation of the end of life could not be realized.

In addition, in the Netherlands, doctors and patients presumably discuss the benefits
and disadvantages of aggressive treatment near the end of life more frequently. This is
exemplified by an international survey among general practitioners showing that treatment
preferences near the end of life were discussed six times more often in the Netherlands
compared to Italy and Spain and two times more often compared to Belgium [17]. The
probability of in-hospital death was the lowest in the Netherlands in this study, which
suggests patients pass away more often at home, according to their wish [18]. A US study
showed that end-of-life discussions are associated with less aggressive treatment shortly
before death [7]. Together, these findings support the interpretation that early discussion
of end-of-life treatments in the Netherlands can contribute to the lower prevalence of
chemotherapy use and ICU admission in our study.

Nevertheless, from our data follows that a substantial proportion of patients undergo
treatment that is likely to lower their quality of life and does not contribute to their survival.
However, to identify those patients in whom the discontinuation of chemotherapy might
be beneficial can be challenging. In this conundrum, unplanned hospitalization of a patient
can provide a helping hand; in patients with advanced cancer who receive chemotherapy,
unplanned hospitalization is associated with a two to three times higher mortality [19].
Hospitalization therefore may flip the balance between advantages and disadvantages
of chemotherapy to the latter. Unplanned hospitalizations or a following outpatient
clinical appointment also seem to be natural moments to discuss the continuation of
chemotherapy. Shared decision making in health care delivery is an important topic of
discussion nowadays and may assist in making the right choice that is tailored to the
expectations and wishes of each individual patient.

Based on our results, it may be hypothesized that oncologists may be subject to a
phenomenon known as “sunk cost bias”; if a substantial amount of time, money, or effort
is invested in a certain trajectory, physicians find it more difficult to suspend this trajectory,
although objective arguments favor cancellation [20]. This can explain the finding that
chemotherapy use in the final three months is four times higher among patients who
previously received chemotherapy versus those who did not. Interestingly, in hospitals
with a large number of both curative and palliative gastroesophageal cancer patients
treated with systemic therapy, a lower number of patients that were previously treated
with chemotherapy continued to receive chemotherapy in the last months of their lives.
We found a negative correlation between the hospital volume of palliative patients and the
prescription of chemotherapy in their final month. This could implicate that oncologists
working in hospitals in which a high number of patients are treated (possibly resulting in
more experience) are better able to define the patients that will not benefit from continuation
chemotherapy in the last months of life. Two factors can possibly explain this phenomenon.
Firstly, physicians in low-volume hospitals are exposed to patients for whom a treatment
decision has to be made less often, resulting in a lower level of experience. It has been
shown that more experienced doctors exhibit lower resource utilization, reflected by the
length of hospital stay and health care cost per patient [21]. Secondly, previous research
indicates that a multidisciplinary approach and sufficient choice in treatment options
contribute to improved outcomes in surgical procedures [22]. These are more often present
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in high-volume centers. One might hypothesize that these attributes also improve the
selection of patients eligible for palliative chemotherapy.

A method by which the experience and multidisciplinary approach of high-volume
hospitals can be shared with low-volume hospitals is teleconsultation. In cancer patients,
this already has been shown to reduce the rate of chemotherapy-related adverse events [23]
and provide more comprehensive care [24]. During the recent COVID-19 outbreak, the
implementation of interhospital teleconsultation between oncology departments in Italy
was accelerated [25], emphasizing its value and feasibility. Another possibility in sharing
knowledge is a regional cancer network in which multiple hospitals collaborate, whereby
one high-volume hospital acts as an expert center where cases can be presented in a
regional multidisciplinary team meeting, either live or by teleconsultation. This may
facilitate high-quality health care delivery as close to the patient as possible.

4.3. Methodological Considerations

Some methodological aspects of our study merit discussion. First of all, due to its
retrospective nature, it is subject to unmeasured confounders, particularly regarding the
correlations we investigated. Comorbidities such as hypertension, diabetes, and COPD
are associated with less use of chemotherapy in the last phase of life [11] and might have
influenced our results. In particular, the correlation between hospital size and chemother-
apy use is of interest, since high-volume hospitals can theoretically differ from low-volume
hospitals regarding comorbidities of patients [26]. However, the association between co-
morbidities and chemotherapy use is weak (odds ratio = 0.94) [11], and in other studies
from the Netherlands, the prevalence of comorbidities was equally distributed among
high- and low-volume hospitals [27,28]. Therefore, we deem the potential influence of
comorbidities on the reported correlations to be very low.

Secondly, patients were retrospectively selected for being deceased. Consequently,
prospective indicators of aggressive treatment near the end of life could not be investigated.
Caution is needed in drawing conclusions on causality with respect to the correlations we
found. A prospective study would be helpful in answering these issues.

Thirdly, the selection procedure we applied possibly resulted in an underestimation
of chemotherapy use by the incorrect exclusion of patients in a palliative setting. For
example, patients that started a chemoradiotherapy plan that was deemed to be curative
were excluded, even if this plan was terminated prematurely. The termination could have
been motivated by the progression of the disease to stage IV cancer, whether by the natural
course of the disease or new findings on imaging studies. If these patients were included
in our study, the prevalence of chemotherapy use is likely to be higher. However, we feel
the exclusion of these patients is justified in our study. Including patients that started
a chemoradiotherapy plan that was deemed to be curative but terminated prematurely
would probably result in the additional inclusion of patients in a curative setting. For these
patients, no distinction can be made between those patients that progressed to an incurable
setting and those who did not.

Lastly, only Dutch patients were included in the current study. The available treatment
options in the Netherlands are comparable to other western countries, but how our results
relate to other countries remains to be investigated.

A strength of our study is its nationwide base and a mostly unbiased patient selection
process. Inclusion did not depend on the region, place of death, type of health insurance
plan, or hospital in which a patient was treated, and therefore, our results are less prone to
selection bias.

5. Conclusions

This nationwide observational study showed a relatively low prevalence of chemother-
apy use and ICU admission in the last three months before death in Dutch patients deceased
with advanced gastric or esophageal cancer. Oncologists working in high-volume hospitals
may be better equipped in selecting patients most likely to benefit from chemotherapy in
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the last months of life. If our results can be replicated in other studies, they support an
increased effort to exchange knowledge and experience between high- and low-volume
hospitals.

Supplementary Materials: The following are available online at https://www.mdpi.com/2072-6
694/13/1/145/s1, Table S1: Diagnoses codes used to identify patients with gastric or esophageal
cancer, Table S2: Care activity codes corresponding with surgical resections, Table S3: Care activity
codes corresponding with radiation, Table S4: Care activity codes corresponding with chemotherapy,
Table S5: Care activity codes corresponding with endoscopic procedures, Table S6: Care activity
codes corresponding ICU admissions.
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