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Abstract

The hospitalizations are part of cancer care and has been studied by researchers world-
wide. A better understanding about their associated factors may help to achieve improve-
ments on this area. The aims of this study were to investigate the association between
demographic and clinical characteristics and hospitalizations, as well as between these
characteristics and the length of stay (LOS), within the first year of outpatient treatment, for
the most incident cancers in the Brazilian population. In this cohort study, we investigated
417,477 patients aged 19 years or more, who started outpatient cancer treatment, from
2010-2014, for breast, prostate, colorectal, cervix, lung and stomach cancers. The out-
comes evaluated were: i) Hospitalizations within the first year of outpatient cancer treat-
ment; and ii) LOS of the hospitalized patients. It was performed a binary logistic regression
to evaluate the association between the explanatory variables and the hospitalizations and
a negative binomial regression to evaluate their influence on the length of hospital stay. The
hospitalizations occurred for 34% of patients, with a median of LOS of 6 days (IQR: 2—-15).
Female patients were 16% less likely to be hospitalized (OR: 0.84; 95% CI: 0.82-0.86), with
lower average of LOS (AR: 0.98; 95% CI: 0.97-0.99), each additional year of age reduced in
2% the hospitalization odds (OR: 0.98; 95% CI: 0.98-0.99) and in 1% the average of LOS
(AR: 0.99; 95% CI: 0.98-0.99), patients from South region had twice more chances of hospi-
talization than from North region (OR: 2.01; 95% CI: 1.93-2.10) and patients with colorectal
cancer had greater probability of hospitalization (OR: 4.42; 95% CI: 4.27—4.48), with the
highest average of LOS (AR: 1.37; 95% CI: 1.35—1.40). In view of our results, we consider
that the government must expand the policies with potential to reduce the number of
hospitalizations.
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Introduction

Cancer is one of the main causes of worldwide morbidity and mortality [1]. In Brazil, the late
diagnosis of this disease emphasizes a major public health problem [1-3]. The cancer diagnosis
at advanced stages reduces the possibility of cure, increases patient’s vulnerability to clinical
complications and raises the need for higher technological support during treatment, which
results a greater economic burden [4].

The Brazilian Public Health System (SUS) is configured as a decentralized network of health
services that offers primary, secondary, and hospital care for free, across the Brazilian territory
and to its entire population [2]. Almost 75% of the population resort only to the SUS when
need to health care. The system reflects the Brazilian Constitutional Act that preconizes the
health care as a universal right and as a State obligation. Despite this, the Brazil is affected by
severe socioeconomic disparities, and its health system often suffers from chronic underfund-
ing and reduced access in poorer regions [5]. Furthermore, the current healthcare model has
been shown to be fragmented, centered on hospital care and mostly focused on the acute
demands by the population [2,5].

In Brazil, the cancer treatments are performed in specialized care units, in both the public
and private sectors. According the current system regulation, these services should be distrib-
uted among administrative health regions, according to population criteria [6]. The SUS
finances the major part of cancer care in Brazil, due the large costs of treatment [7]. In addi-
tion, even some people who has private health insurance (about 25% of the Brazilian popula-
tion) often perform their cancer treatment by the SUS [5].

The hospital admissions are part of the care trajectory of cancer patients [8], thus increasing
the costs of treatment [9,10], especially in the last days of life [10]. In Brazil, the hospitaliza-
tions for cancer care cost about US$ 3 million annually, and presents a growth trend [11,12].
Along the treatment, some patients may suffer complications related to previous illnesses,
acute clinical conditions or even worsening of cancer. These events influence the frequency of
hospitalizations and, once admitted, the length of stay (LOS) [13].

The hospitalizations of cancer patients have been studied by researchers worldwide, from
different perspectives. The results varied widely, depending on the study type and the popula-
tion investigated. Some studies assessed the proportion of unplanned hospitalizations among
cancer patients, which results ranged between 7% in Italy [8]; 45% to 58.8% in Australia
[14,15]; and 59% to 67% in the United States [16,17]. Regarding the LOS, the findings varied
slightly between these studies, being 5 days (mean) in Italy [8], 4.7 days (median) in Australia
[15], and 7.4 days (mean) in the United States [16].

Regarding the frequency of hospitalizations among end-of-life cancer patients, a study con-
ducted in seven developed countries (Belgium, Canada, England, Norway, Netherlands, United
States and Germany) found that between 69.9% and 88.7% of the patients were hospitalized
within 6 months before death [18]. When considering the readmissions of cancer patients, a
study realized in Italy [19] and another in the United States [13] verified that 8.4% and 16.1% of
patients, respectively, had 3 or more hospitalizations. The median of LOS observed was 9 days
in the Italian study [19], and 4 days in the research of the USA [13]. Yet about this matter, it was
verified that the LOS within Japanese hospitals was longer than in another developed countries,
leading Japan to seek for ways to reduce the length of hospital stay [20,21].

It is important to emphasize that not always is observed some proportionality between fre-
quency of hospitalizations and length of stay. A cancer patient may be hospitalized once, but
to remain hospitalized for a long period, while others are hospitalized several times with short
length of stay. The hospitalization and LOS are relevant indicators of health and quality of care
for cancer patients [9,13,20].
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In recent years, there has been an increase of studies among cancer patients that aimed to
investigate the relationship between hospitalizations and the individual characteristics, also the
attributes of the healthcare systems. The studies are heterogeneous, with poor possibility to
generalize the results, since they evaluated populations with very particular characteristics,
such as: elderly patients [18], individuals diagnosed with advanced cancer [13,22] or with very
specific cancer types [16], patients treated on Intensive Care Unit or who underwent some spe-
cific treatment such as chemotherapy [15,23] or radiotherapy [24]. Many studies have focused
on cost assessment, seeking to describe the potentially preventable hospitalizations [17]. In
addition, many studies are restricted to populations in developed countries, such as the United
States [18], Canada and Australia [14], and Europe [8,19].

Until now, we have not found any population-based study that investigate the factors asso-
ciated with hospitalization among cancer patients in Brazil. A better understanding about the
characteristics of patients undergoing cancer treatment and the factors associated with their
hospital admissions may afford us to develop actions aiming to improve the health care,
besides to contribute to the current scientific knowledge. Thus, the aims of this study were to
investigate the association between demographic and clinical characteristics and hospitaliza-
tions, as well as between these characteristics and the length of stay (LOS), within the first year
of outpatient treatment, for the most incident cancers in the Brazilian population.

Methods

This research consists a non-concurrent cohort study. As data source, we used the National
Oncological Database, a population-based cohort which contains all records of patients under
oncological treatment in the SUS, from 2001 to 2015. This database is a subset of the National
Database of Health, a data set centered on the individual that was built by record linkage tech-
niques used to integrate data from the major SUS Information Systems: Outpatient (SIA),
Hospital (SIH) and Mortality (SIM); from 2000 to 2015 [25].

We included 417,477 patients aged 19 years or more, who initiated outpatient cancer treat-
ment at SUS, between October 1, 2010 and October 31, 2014, with the following primary
tumor locations: breast, prostate, colon and rectum, cervix, lung and bronchi, and stomach;
according to the International Classification of Disease, 10th Revision (ICD-10). These types
were chosen since, apart from non-melanoma skin cancer, they are the most incident cancer
types among the Brazilian population [1,26].

The clinical outcomes evaluated were: i) Hospitalizations within the first year after initiate
the outpatient cancer treatment (chemotherapy or radiotherapy). Thus, considering the entire
study population, the individuals were divided as "hospitalized’ or ‘non-hospitalized’; ii)
Length of Stay—LOS (in days), for those patients who were hospitalized. This variable was
measured by the sum of days between the hospital admission and discharge of each
hospitalization.

Given that our database ends in October 2015, we included patients who started treatment
until October 2014. Thus, at least one year of follow-up was guaranteed for each patient in the
study and there was no loss to follow-up, except from those who died before to complete one
year of treatment.

The exposure variables analyzed were: i) Demographic characteristics: sex (male/female),
age (years), age range (19-24, 25-39, 40-59, 60-79, >80 y/0), geographic region of residence
(North, Northeast, Southeast, South and Midwest); ii) Clinical characteristics: primary tumor
location (breast, prostate, colon and rectum, cervix, lung and bronchi, stomach), cancer stage
at diagnosis (0, I, I, IIL, IV), number of comorbidities (0, 1-3, >3). The cancer stage was classi-
fied according to the TNM classification of malignant tumors, by the Union for International
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Cancer Control [27], which ranges from 0 to IV. Regarding the ’length of stay’ outcome analy-
sis, the variable emergency hospitalization (Yes / No) was included.

The variable "hospitalization cause’ was used only in the descriptive analysis, since it correlates
with the characteristics of the other clinical patients, and the regression model requires of the
explanatory variables to be independent. The "hospitalization cause’ was observed from the code
of procedure performed at the hospital, according to the SUS Procedures, Medicines and OPM
Management System (SIGTAP) [11]. Thus, the causes of hospitalization were grouped as follows:
oncological surgeries, clinical complications related to cancer, other clinical complications, che-
motherapy/radiotherapy and other surgeries (surgical procedures non-specific for oncology). The
hospitalizations caused by clinical complications related to cancer include acute complications,
predictable or not, due to the malignant neoplasia or its treatment, and which requires hospitaliza-
tion. Anemias, myelodysplastic syndromes, nausea and vomiting, pneumonia, hemorrhage,
cachexia, sepsis and seizures are examples of complications included in this classification [11].

Yet about the descriptive analysis, the patient’s characteristics were reported by frequency
distributions for the categorical variables and the groups (hospitalized or non-hospitalized)
were compared with the chi-square test. The age of patients (in years) was reported by median
and interquartile range (IQR) and the comparison between the groups was realized by the
Mann-Whitney test. The same approach was used to report the patient’s follow-up time (in
days) and it was also included the mean and standard deviation (SD).

Regarding the statistical analysis, it was performed a binary logistic regression model to
evaluate the association between demographic and clinical variables and the occurrence of
hospitalization. Thereby, we estimated the odds ratio (OR), considering a 95% confidence
interval (95% CI). The goodness of fit was assessed by the Receiver Operating Characteristic
(ROC) curve. In addition, considering the hospitalized patients, we realized a negative bino-
mial regression model to evaluate the influence of the explanatory variables on the length of
hospital stay (LOS). Thus, it was estimated the average ratio (AR), with a 95% CI. Both the sta-
tistical analyses were performed by univariate and multivariate models.

Considering that the variable 'LOS’ is a count, there were two models to apply: the Poisson’s
and Negative Binomial models. Given that the dispersion of this variable was not adequate to
the Poisson’s distribution, we opted to the Negative Binomial model, which has a parameter
that controls the over or under dispersion of data. The analyses were performed using the R
Project for Statistical Computing software, version 3.4.4.

This study was part of the project “Epidemiological, economics and care paths of high cost
procedures in SUS: use of patient-centered database from the integration of health information
system records”, approved by the Research and Ethics Committee of the Federal University de
Minas Gerais, with Process number: CAAE 44121315.2.0000.5149.

Results

The Table 1 describes the study population according to demographic and clinical characteris-
tics. We included 417,477 patients who started outpatient cancer treatment by the SUS,
between 2010 and 2014. The hospitalization within the first year of treatment occurred to
142,061 patients (34% of study population). Thus, 66% of patients (n = 275,416) were included
in the non-hospitalized group. Considering the entire population of study, the majority was
female (60.1%), with 62 y/o median age (IQR: 51-71 y/o) and residents of the Southeast region
(47.5%). The most were treated for breast (37.8%) and prostate cancer (25.2%), diagnosed on
advanced stages (IIT and IV) (53.3%) and had at least one comorbidity at treatment start
(83%). Lastly, 13.7% of the study population died during the follow-up, which presented 338
days of mean time (SD: 77.8).
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Table 1. Demographic and clinical characteristics of cancer patients treated by the Brazilian Public Health System (SUS), 2010-2014.

Characteristic Total patients Hospitalization p-value
No Yes
n=417,477 | (100.%) n=275,416 | (66.0%) n=142,061 | (34.0%)

Gender <0.001
Male 166,626 | (39.9) 113,895 | (41.4) 52,731 | (37.1)
Female 250,851 | (60.1) 161,521 | (58.6) 89,330 | (62.9)
Age (in years) *
Median (IQR) 62 | (51-71) 59 | (49-69) 63 | (52-72) <0.001
19-24 1,031 | (0.2) 438 | (0.2) 593 | (0.4) <0.001
25-39 28,652 | (6.9) 16,240 | (5.9) 12,412 | (8.7)
40-59 155,129 | (37.2) 97,054 | (35.2) 58,075 | (40.9)
60-79 201,336 | (48.2) 138,890 | (50.4) 62,446 | (44.0)
>80 31,329 | (7.5) 22,794 | (8.3) 8,535 | (6.0)
Region of residence <0.001
North 17,121 | (4.1) 12,773 | (4.6) 4,348 | (3.1)
Northeast 91,535 | (21.9) 63,896 | (23.2) 27,639 | (19.5)
Southeast 198,249 | (47.5) 131,623 | (47.8) 66,626 | (46.9)
South 84,828 | (20.3) 50,662 | (18.4) 34,166 | (24.1)
Midwest 25,744 | (6.2) 16,462 | (6.0) 9,282 | (6.5)
Primary tumor location <0.001
Prostate 105,153 | (25.2) 87,190 | (31.7) 17,963 | (12.6)
Breast 157,959 | (37.8) 110,204 | (40.0) 47,755 | (33.6)
Cervix 42,837 | (10.3) 27,934 | (10.1) 14,903 | (10.5)
Stomach 22,532 | (5.4) 10,241 | (3.7) 12,291 | (8.7)
Lung and Bronchi 30,022 | (7.2) 13,078 | (4.7) 16,944 | (11.9)
Colon and Rectum 58,974 | (14.1) 26,769 | (9.7) 32,205 | (22.7)
Cancer stage <0.001
0 (in situ) 19,449 | (4.7) 13,809 | (5.0) 5,640 | (4.0)
I 52,472 | (12.6) 42,689 | (15.5) 9,783 | (6.9)
11 123,155 | (29.5) 93,723 | (34.0) 29,432 | (20.7)
111 137,555 | (32.9) 79,482 | (28.9) 58,073 | (40.9)
v 84,846 | (20.3) 45,713 | (16.6) 39,133 | (27.5)
Comorbidities (n) <0.001
None 70,784 | (17.0) 64,113 | (23.3) 6,671 | (4.7)
1-3 180,044 | (43.1) 126,539 | (45.9) 53,505 | (37.7)
>3 166,649 | (39.9) 84,764 | (30.8) 81,885 | (57.6)
Deaths™* <0.001
Yes 57,281 | (13.7) 16,445 | (5.9) 40,836 | (28.7)
No 360,196 | (86.3) 258,971 | (94.1) 101,225 | (71.3)
Follow-up time (in days) * <0.001
Mean (SD) 338 | (77.8) 352 | (56.7) 310 | (101.9)
Median (IQR) 365 | (365-365) 365 | (365-365) 365 | (309-365)

IQR, interquartile range. SD, standard deviation. p-value estimated by The Chi-square and Mann-Whitney test (*).

**Deaths during the 1st year after outpatient treatment start.

https://doi.org/10.1371/journal.pone.0233293.t001

Among the hospitalized patients, the most were female (62.9%), elderly (median age: 63 y/
0; IQR: 52-72) and resident of Southeast region (46.9%). About the age range, we observed a
lower proportion of elderly in the hospitalized group (50% with >60 y/o0), when compared to
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non-hospitalized patients (58.7% with >60 y/o0). More than half of hospitalized patients under-
went treatment for breast and colorectal cancer (56.3%), were diagnosed on advanced stages
(IIT and IV) (68.4%) and had 4 or more comorbidities (57.6%). This group also presented
almost 4-fold more deaths (28.7%) than the non-hospitalized (5.9%). Finally, the mean follow-
up time of hospitalized patients was 310 days (SD: 101.9), against 352 days (SD: 56.7) of non-
hospitalized, according to Table 1.

Regarding the hospitalizations, we observed a mean of 2.4 admissions per patient during
the first year after outpatient treatment start, with 6 days of median of LOS (IQR: 2-15). When
evaluating the characteristics of hospitalizations, presented in Table 2, we verified that most of
the patients attended at least one emergency hospitalization during the study period (61.2%).
The oncological surgeries have motivated majority of hospitalizations (30.3%), followed by the
hospitalizations due to cancer-related clinical complications (25.7%) and other clinical causes
(18.6%). Finally, the cancer type with more hospitalizations was the colon and rectum (33.1%),
followed by breast cancer (24.8), which means that together these types registered more than
half of the hospital admissions.

Considering the hospitalization as an outcome variable, the logistic regression analysis sug-
gested that, among the cancer patients who started outpatient treatment between 2010 and
2014, the women were 16% less likely to be hospitalized (OR: 0.84; 95% CI: 0.82-0.86), the
increase of one year in age reduced 2% the odds of hospitalization (OR: 0.98; 95% CI: 0.98-
0.99) and patients from all residence regions had greater chances to be hospitalized when com-
pared to the North region patients, as presented in Table 3.

Furthermore, the patients who live in the South region had twice hospitalization chances
than North region patients (OR: 2.01; 95% CI: 1.93-2.10). Regarding the primary tumor location,
patients with cancer of "colon and rectum’ (OR: 4.42; 95% CI: 4.27-4.48), ’stomach’ (OR: 4.41;
95% CI: 4.29-4.53) and ’lung and bronchi’ (OR: 4.35; 95% CI: 4.21-4.48) had greater probability
of hospitalization. Also, the hospitalization odds increased as higher was the cancer stage at diag-
nosis, being the patients with stage IV more likely to be hospitalized in 62% (OR: 1.62; 95% CI:

Table 2. Characteristics of hospitalizations of cancer patients treated by the Brazilian Public Health System
(SUS), 2010-2014.

Characteristic n=342,734|(100%)
Hospitalization type
Emergency 209,702 | (61.2)
Elective 133,032 | (38.8)
Hospitalization cause
Oncological surgeries 103,965 | (30.3)
Cancer-related clinical complications 88,088 | (25.7)
Other clinical causes 63,781 | (18.6)
Chemotherapy/radiotherapy 56,409 | (16.5)
Other surgeries 30,491 | (8.9)
Patient’s cancer type
Colon and Rectum 113,546 | (33.1)
Breast 85,083 | (24.8)
Stomach 39,268 | (11.5)
Lung and Bronchi 37,313 | (10.9)
Cervix 35,081 | (10.2)
Prostate 32,443 | (9.5)

IQR, interquartile range. SD, standard deviation.

https://doi.org/10.1371/journal.pone.0233293.t1002
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Table 3. Logistic regression analysis of cancer patient’s hospitalizations in the first year of treatment by Brazilian Public Health System (SUS), 2010-2014.

Characteristic Simple model Multiple model

OR 95% CI p-value OR 95% CI p-value
Gender <0.001 <0.001
Male - - - - - -
Female 1.19 1.17-1.21 0.84 0.82-0.86
Age (in years) 0.98 0.98-0.98 <0.001 0.98 0.98-0.99 <0.001
Region of residence <0.001 <0.001
North - - - - - -
Northeast 1.27 1.22-1.31 1.38 1.33-1.44
Southeast 1.48 1.43-1.54 1.43 1.38-1.49
South 1.98 1.91-2.05 2.01 1.93-2.10
Midwest 1.65 1.58-1.72 1.75 1.67-1.83
Primary tumor location <0.001 <0.001
Prostate - - - - - -
Breast 2.10 2.06-2.14 2.42 2.34-2.50
Cervix 2.59 2.52-2.65 2.61 2.51-2.71
Stomach 5.84 5.70-5.97 4.41 4.29-4.53
Lung and Bronchi 6.28 6.11-6.46 4.35 4.21-4.48
Colon and Rectum 5.82 5.65-6.00 4.42 4.27-4.48
Cancer stage <0.001 <0.001
0 (in situ) - - - - - -
I 0.56 0.54-0.58 0.56 0.54-0.58
11 0.76 0.74-0.79 0.78 0.75-0.81
111 1.78 1.73-1.84 1.55 1.50-1.61
v 2.09 2.02-2.16 1.62 1.57-1.70
Comorbidities (n) 1.20 1.20-1.21 <0.001 1.19 1.18-1.19 <0.001

OR, odds ratio; 95% CI, 95% confidence interval.

https://doi.org/10.1371/journal.pone.0233293.t003

1.57-1.70). Lastly, each additional comorbidity has risen by 19% the odds of hospitalization in the
first year after treatment start (OR: 1.19; 95% CI: 1.18-1.19), according to Table 3.

The area under the ROC curve for the logistic regression model, after adjustment of the
study variables (AUC measure), presented a value of 0.76, which demonstrates the good per-
formance of the model.

The Table 4 presents the estimates of the negative binomial regression, which was per-
formed to evaluate the influence of explanatory variables over the length of stay (LOS). The
demographic factors associated with the highest averages of LOS were: to be male (AR: 0.98
for women; 95% CI: 0.97-0.99); with younger ages, since each additional year has reduced by
1% the average LOS (AR: 0.99; 95% CI: 0.98-0.99); and to live in the North region. About the
clinical characteristics, the greatest averages of LOS were registered to patients with “primary
tumor location’ in the colon and rectum (AR: 1.37; 95% CI: 1.35-1.40) and cervix (AR: 1.35;
95% CI: 1.32-1.38); with advanced cancer stage (stage IV) (AR: 1.04; 95% CI: 1.04-1.06); and
that have been emergency hospitalized (AR: 1.28; 95% CI: 1.27-1.28). Lastly, each additional
comorbidity increased by 3% the average of LOS (AR: 1.03; 95% CI: 1.02-1.03).

Discussion

This study evaluated the factors associated with hospitalization and the length of hospital stay
of cancer patients, within the first year after outpatient treatment start. We included 417,477
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Table 4. Negative binomial regression analysis of cancer patient’s Length of Stay (LOS) in the first year of treatment by Brazilian Public Health System (SUS),
2010-2014.

Characteristic Simple model Multiple model
AR 95% CI p-value AR 95% CI p-value
Gender <0.001 0.032
Male - - - - -
Female 0.76 0.75-0.77 0.98 0.97-0.99
Age (in years) 0.99 0.98-0.99 <0.001 0.99 0.98-0.99 <0.001
Region of residence <0.001 <0.001
North - - - - -
Northeast 0.94 0.90-0.97 0.93 0.93-0.98
Southeast 0.92 0.89-0.95 0.81 0.79-0.83
South 0.99 0.96-1.03 0.866 0.75 0.73-0.77
Midwest 0.80 0.77-0.83 0.66 0.64-0.68
Primary tumor location <0.001 <0.001
Prostate - - - - -
Breast 0.58 0.57-0.59 0.68 0.66-0.69
Cervix 1.50 1.47-1.53 1.35 1.32-1.38
Stomach 1.48 1.45-1.52 1.27 1.25-1.30
Lung and Bronchi 1.36 1.33-1.38 1.22 1.20-1.25
Colon and Rectum 1.53 1.50-1.56 1.37 1.35-1.40
Cancer stage <0.001 <0.001
0 (in situ) - - - - -
I 0.84 0.81-0.87 0.92 0.89-0.95
1I 0.89 0.86-0.91 0.91 0.89-0.94
111 0.94 0.92-0.97 0.95 0.93-0.97
v 1.24 1.21-1.28 1.04 1.01-1.06
Emergency hospitalization (n) 1.32 1.32-1.33 <0.001 1.28 1.27-1.28 <0.001
Comorbidities (n) 1.06 1.05-1.06 <0.001 1.03 1.02-1.03 <0.001

AR, average ratio; 95% CI, 95% confidence interval.

https://doi.org/10.1371/journal.pone.0233293.t1004

patients that underwent cancer treatment by the Brazilian Public Health System (SUS), between
2010 and 2014, considering the most incident cancer types in Brazil, namely: breast, prostate,
colon and rectum, cervix, lung and bronchi, and stomach. In the overview of our study popula-
tion, we observed a predominance of female patients, elderly, residents of the Southeast region,
treated for breast cancer, diagnosed on advanced stages and with comorbidities at treatment
start. The hospitalization within the first year of treatment occurred for 34% of patients, from
which the median of length of stay was 3 days (IQR: 2.0-7.0). In addition, we observed that sev-
eral characteristics were associated with the hospitalization and length of stay, such as: gender,
patient’s age, geographic region of residence, primary tumor location, cancer stages at diagnosis,
number of comorbidities at treatment start and emergency hospitalization.

In relation to the predominance of women in our study population, in recent years, the Bra-
zilian government has expanded the public policies for screening and diagnosis of cervical and
breast cancer, thus increasing the female population attendance in health services to treat these
cancer types [12]. Concerning about the patient’s age observed in our results, the epidemiolog-
ical characteristics of the cancer types on this study explain the large proportion of elderly
patients (> 60 y/o) [11,28]. Regarding the population distribution, our findings about the geo-
graphic regions agrees with the stats of IBGE (Brazilian Institute of Geography and Statistics),
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given that the Southeast and Northeast regions contain the largest part of the Brazilian population.
However, considering the hospitalized patients, the South region presented a higher proportion of
individuals when compared to the Northeast region, which may be related to a greatest supply of
hospital beds in the South region [28]. In relation to the primary tumor location, the Brazilian
demographic changes and consequent population aging are associated to the increasing preva-
lence of breast and prostate cancer [1,26]. The large proportion of patients with advanced stages
of cancer can be explained by the frequently late diagnosis and delay on treatment start, which
represents a major public health issue in Brazil [1,26]. About the comorbidities, it is known that
about 80% of Brazilians with 60 years or more have at least one morbidity [3].

About the hospitalizations and the length of stay of cancer patients, we observed that 34%
of the individuals were hospitalized within the first year of outpatient treatment, and the
median of LOS was 6 days (IQR: 2-15). Some related researches presented varied results,
depending on the study type and the population investigated. Regarding the proportion of
unplanned hospitalizations among cancer patients, the results ranged between 7% in Italy [8];
45% to 58.8% in Australia [14,15]; and 59% to 67% in the United States [16,17]. In relation to
the length of stay (LOS), the same studies showed slightly different findings, being 5 days
(mean) in Italy [8], 4.7 days (median) in Australia [15], and 7.4 days (mean) in the United
States [16]. In addition, when evaluating the hospital readmissions of cancer patients, it was
verified that in Italy 8.4% of patients had 3 or more hospitalizations [19], while in the USA this
proportion was 16.1% [13]. The median of LOS observed was 9 days in Italy [19] and 4 days in
the USA [13]. Lastly, other studies noticed that the LOS within Japanese hospitals was longer
when compared with some developed countries, leading Japan to seek for ways to reduce the
length of hospital stay [20,21].

The often search by cancer patients for emergency services due to acute conditions, which
resulted in hospital admissions, was also discussed by some authors [8,13,14,21]. A suggested
explain argues that in the cancer treatment there would be a weak relationship between the
patients and their healthcare team, or their contact with the reference professionals would be
limited [4]. The most cited pathologies that took cancer patients to search for emergency care
correspond to the procedure codes referred to the patient’s clinical complications evaluated in
this study, which corroborates to our findings [8,29]. Given that some of these clinical compli-
cations are preventable, its suggested that an integrated healthcare, with professionals from
diverse areas, could improve the quality of care and avoid unnecessary hospitalizations [30].

Regarding the evaluation of factors associated to the hospitalization and length of stay,
some studies presented a predominance of male patients, with worse clinical severity and less
survival among men [21,31,32]. In this study, the adjustment of the variables for statistical
analysis would require us to assume other factors, and more researches would be needed to
better understand the hospitalization patterns among male patients.

About the influence of patient’s age in our study, the reduced odds of hospitalization and
lower average LOS observed among elderly patients differ from other studies that analyzed this
association [21,31-33]. As the patient’s age increases, some pre-existing clinical conditions get
worse, the toxicity of drugs aggravates and the biological response to illnesses becomes slower
[8,30]. Therefore, our results for the patient’s age variable is controversial, given that the
elderly patients frequently demand emergency units in the SUS [34].

The current model of emergency care in Brazil, with the adoption of Emergency Care Units
(UPAs) as an intermediate service between primary and hospital care, may support to explain
the reduced odds of hospitalization and the inferior LOS among elderly people. The patients
admitted in the UPAs must remain in this service for a maximum of 24 hours, while waiting
for hospital beds available by the SUS. However, the lack of hospital beds forces the patients to
long stays in these units [34,35]. In Brazil, this situation is so critical that some health managers
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consider the beds of UPAs as hospital beds and, sometimes, as intensive care units, even with-
out the necessary resources for this type of care. In addition, many UPAs are not computer-
ized, thus the length of stay in these services is not accounted by the Hospital Information
System (SIH), since the payment for the healthcare provided by UPAs is not realized by an
Authorization for hospital admittance (AIH) [35].

Regarding the geographic region of patient’s residence, it is known that the North region
has the lowest supply of hospital beds in Brazil. Moreover, there has been observed a gradual
decrease of the number of hospital beds in the North region, which reduced from 2.25 (in 1992)
to 1.84 beds per 100,000 inhabitants (in 2010) [28]. Therefore, this evidence may justify the
reduced odds of hospitalization among the cancer patients from this region. Yet about this mat-
ter, the North region presents the worst indicators of cancer care in Brazil. None of the levels of
care hold enough resources, including the hospital institutions. The commonly late diagnosis
and consequent delay to treatment start, even among cancers targeted by public policies, may
support an explanation to the highest LOS observed among the North region patients [1,12,30].

The regional inequalities in the Brazilian health system have also been evidenced by the
analysis of palliative care implementation, which is poorly consolidated in the North region
when compared, as example, with the Southeast. The most developed cities, such as Sao Paulo,
has been pioneers in this strategy, leading to the early discharge of patients, since it allows the
cancer treatment by support of home care teams [36]. These qualified teams are capable to
monitor cancer patients at home, in interface with the hospital staff, thus configuring one way
to reduce the length of hospital stay [21,36]. The insufficiency of this kind of care and of struc-
ture resources within the public health system, which are needed to support patients with ter-
minal illnesses, may give us a comprehension about the search for hospital services at the end-
of-life, resulting in longer stays and higher expenses with hospitalizations [4,10].

The higher odds of hospital admissions registered among patients with primary tumors in
colon and rectum, stomach, and lung are justified by the clinical aspects of these cancers,
above all for those associated with complications due to surgical treatment [17,21,24,32,33].
Furthermore, as observed in our results, other studies verified longer length of hospital stay
(LOS) among patients with colorectal cancer [14,32,33].

Regarding the cancer stages, the worse clinical conditions of patients with metastatic
tumors may require higher LOS for pain relief, due to hemodynamic instability or even for
emotional support to patients and their families, since the cancer cure is not possible, which is
an argument that corroborates our study results [17,21,33].

In relation to patient’s comorbidities, as observed in our results, it was expected that the
increase of its number would rise the odds of hospitalization and extend the average length of
stay. The stabilization of acute conditions due to comorbidities, by itself, may requires the hos-
pitalization [9]. Once the patient is hospitalized, the presence of comorbidities increases the
risk of complications, then influences the planned time for the hospital discharge [9,20,31].

The emergency hospitalization of cancer patients presupposes that these individuals present
some serious pathologies that does not allow their outpatient control [8,13,21,29]. In most of
the cases, emergency hospitalizations are assisted by general practitioners, unlinked to the
patient’s referral health team or even without expertise on oncology [30]. Under these condi-
tions, the evaluation to determine an accurate diagnosis and properly treatment may demand
longer hospital stays for these patients [32].

Limitations

The main limitations of this study are related to the administrative character of our database,
since it presents some gaps of clinical information and individual characteristics, such as
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socioeconomic variables. Regarding this, the patients who underwent only surgery as treat-
ment were not included in the study, due their lack of information of cancer stage at treatment
start. The absence of data from these patients must be mentioned, given that the surgery is
commonly the recommended treatment modality for patients on early stages of cancer. How-
ever, these limitations are overcome by the benefits of using a large database that includes the
entire population of patients treated for cancer in the Brazilian Public Health System (SUS).

Conclusions

Throughout this study, we observed several factors associated with the hospitalizations, as well
as with the length of stay (LOS), of cancer patients treated by the Brazilian Public Health Sys-
tem (SUS). Among the variables associated with higher attendance of hospitalizations and
with longer LOS, we shall highlight the "primary tumor location’ (lung and bronchi, stomach,
colon and rectum) and ’cancer stage’ at treatment start (III and IV). About the patient’s resi-
dence region, we observed great discrepancies between the North and South regions. Although
controversial, we observed that older patients had reduced chances of hospitalization, with
shorter LOS. Also, most of the patients underwent emergency hospitalizations, which may sug-
gest the worsening of disease or side effects of drugs used on treatment.

In view of our results, we consider that the government must expand the policies with
potential to reduce the number of hospitalizations, such as the provision of palliative care. This
strategy is fragmented in Brazil, which holds a low number of service providers. Finally, the
present study contributes to evaluate the scenario of cancer care in Brazil, given the insufficient
public hospital care, caused in overall by the historical lack of funding to the SUS. Only by
investments in public policies, the Brazilian government may improve the health access with
equity for its every citizen.

Author Contributions

Conceptualization: Flavia Feliciana Silva, Gisele Macedo da Silva Bonfante, Mariangela Leal
Cherchiglia.

Data curation: Flavia Feliciana Silva, Hugo André da Rocha, Agner Pereira Lana, Mariangela
Leal Cherchiglia.

Formal analysis: Flavia Feliciana Silva, Ilka Afonso Reis, Hugo André da Rocha, Agner Pereira
Lana.

Methodology: Flavia Feliciana Silva, Gisele Macedo da Silva Bonfante, Ilka Afonso Reis, Hugo
André da Rocha, Mariangela Leal Cherchiglia.

Supervision: Mariangela Leal Cherchiglia.
Writing - original draft: Flavia Feliciana Silva.

Writing - review & editing: Flavia Feliciana Silva, Gisele Macedo da Silva Bonfante, Ilka
Afonso Reis, Hugo André da Rocha, Agner Pereira Lana, Mariangela Leal Cherchiglia.

References

1. Oliveira MM, Malta DC, Guauche H, Moura L, Silva GA. Estimated Number of People Diagnosed with
Cancer in Brazil: Data from the National Health Survey, 2013. Rev. bras. epidemiol. 2015, 18:146-157.
https://doi.org/10.1590/1980-5497201500060013 PMID: 27008610

2. Elias PE. Politica publica de saude no Brasil: as ciladas da sociedade brasileira e a construgéo da uni-
versalidade no sistema de satde. Ciénc. saude coletiva. 2008; 13 (Suppl 2): 2023-2026. https://doi.
org/10.1590/S1413-81232008000900005 PMID: 19039384

PLOS ONE | https://doi.org/10.1371/journal.pone.0233293 May 20, 2020 11/13


https://doi.org/10.1590/1980-5497201500060013
http://www.ncbi.nlm.nih.gov/pubmed/27008610
https://doi.org/10.1590/S1413-81232008000900005
https://doi.org/10.1590/S1413-81232008000900005
http://www.ncbi.nlm.nih.gov/pubmed/19039384
https://doi.org/10.1371/journal.pone.0233293

PLOS ONE

Hospitalizations and length of stay of cancer patients in Brazil

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Boccolini CS, Camargo ATSP. Morbimortalidade por doengas cronicas no Brasil: situacdo atual e
futura. Rio de Janeiro: Fundagao Oswaldo Cruz, 2016. 25 p. (Discussion texts, no. 22). Available from:
<https://saudeamanha.fiocruz.br/wp-content/uploads/2017/11/PJSSaudeAmanha_Texto0022_2016_
v05.pdf>.

Seow H, Salam-White L, Bainbridge D. Community-based specialist palliative care teams and health
system costs at end of life: a retrospective matched cohort study. CMAJ Open. 2019; 7(1):73-80.
https://doi.org/10.9778/cmajo.20180113 PMID: 30755414

Castro M C, Massuda A, Almeida G, Menezes-Filho NA, Andrade MV, Noronha KVMS et al. Brazil’s
unified health system: the first 30 years and prospects for the future. The Lancet. July 11, 2019. https:/
doi.org/10.1016/S0140-6736(19)31243-7

da Silva MJS, O’'Dwyer G, Osorio-de-Castro CGS. Cancer care in Brazil: structure and geographical
distribution. BMC Cancer. 2019; 19, 987. https://doi.org/10.1186/s12885-019-6190-3 PMID: 31647005

Strasser-Weippl K, Chavarri-Guerra Y, Villarreal-Garza C, Bychkovsky BL, Debiasi M, Liedke PE, et al.
Progress and remaining challenges for cancer control in Latin America and the Caribbean. Lancet
Oncol. 2015; 16(14): 1405-38. https://doi.org/10.1016/S1470-2045(15)00218-1 PMID: 26522157

Aprile G, Pisa FE, Follador A, Foltran L, De Pauli F, Mazzer M, et al. Unplanned presentations of cancer
outpatients: a retrospective cohort study. Support Care Cancer. 2013; 2:397—404. https://doi.org/10.
1007/s00520-012-1524-6 PMID: 22722887

May P, Garrido MM, Aldridge MD, Cassel JB, Kelley AS, Meier DE, et al. Prospective Cohort Study of
Hospitalized Adults with Advanced Cancer: Associations Between Complications, Comorbidity, and Uti-
lization. Journal of Hospital Medicine. 2017; 12(6): 407—413. https://doi.org/10.12788/jhm.2745 PMID:
28574529

Park M, Song |. Medical care costs of cancer in the last year of life using national health insurance data
in Korea. 2018; PLoS ONE 13(6): e0197891. hitps://doi.org/10.1371/journal.pone.0197891 PMID:
29879136

Brazil. Ministry of Health. Information Technology Department of the Brazilian Public Health System
(DATASUS). Brasilia. Available from: <http://www.datasus.gov.br>.

Santos MAS, Oliveira MM, Andrade SSCA, Nunes ML, Malta DC, Moura L. Noncommunicable chronic
disease hospital morbidity trends in Brazil, 2002—2012. Epidemiol. Serv. Saude. 2015; 24:389-398.
https://doi.org/10.5123/s1679-49742015000300005 PMID: 16794974.

Whitney RL, Bell JF, Tancredi DJ, Romano PS, Bold RJ, Joseph JG. Hospitalization Rates and Predic-
tors of Rehospitalization Among Individuals with Advanced Cancer in the Year After Diagnosis. J Clin
Oncol. 2017; 35:3610-3617. https://doi.org/10.1200/JC0O.2017.72.4963 PMID: 28850290

Dufton PH, Drosdowsky A, Gerdtz MF, Krishnasamy M. Socio-demographic and disease related char-
acteristics associated with unplanned emergency department visits by cancer patients: a retrospective
cohort study. BMC Health Serv Res. 2019 Sep 6; 19(1):647. https://doi.org/10.1186/s12913-019-4509-
z PMID: 31492185

Livingston PM, Craike M, Considine J. Unplanned presentations to emergency departments due to che-
motherapy induced complications: opportunities for improving service delivery, Australasian emergency
nursing journal, 2011, 14(2), p.62—68. https://doi.org/10.1016/j.aen}.2011.03.005

Manzano JGM, Luo R, Elting LS, George M, Suarez-Almazor ME. Patterns and predictors of unplanned
hospitalization in a population-based cohort of elderly patients with Gl cancer. J Clin Oncol. 2014 Nov 1;
32(31):3527-33. https://doi.org/10.1200/JC0.2014.55.3131 PMID: 25287830

Whitney RL, Bell JF, Tancredi DJ, Romano PS, Bold RJ, Wun T, et al. Unplanned Hospitalization
Among Individuals with Cancer in the Year After Diagnosis. J Oncol Pract. 2019 Jan; 15(1): e20-e29.
https://doi.org/10.1200/JOP.18.00254 PMID: 30523749

Bekelman JE, Halpern SD, Blankart CR, Bynum JP, Cohen J, Fowler R, et al. Comparison of Site of
Death, Health Care Utilization, and Hospital Expenditures for Patients Dying with Cancer in 7 Devel-
oped Countries. JAMA. 2016; 315(3):272-283. https://doi.org/10.1001/jama.2015.18603 PMID:
26784775

Numico G, Cristofano A, Mozzicafreddo A, Cursio OE, Franco P, Courthod G, et al. Hospital admission
of cancer patients: avoidable practice or necessary care?. PloS one. 2015; 10(3). https://doi.org/10.
1371/journal.pone.0120827 PMID: 25812117

Farjah F, Lou F, Rusch VW, Rizk NP. The Quality Metric Prolonged Length of Stay Misses Clinically
Important Adverse Events. Ann Thorac Surg. 2012; 94:881-888. https://doi.org/10.1016/j.athoracsur.
2012.04.082 PMID: 22742847

Kunisawa S, Fushimi K, Imanaka Y. Reducing Length of Hospital Stay Does Not Increase Readmission
Rates in Early-Stage Gastric, Colon, and Lung Cancer Surgical Cases in Japanese Acute Care Hospi-
tals. PLOS ONE. 2016; 11: 1-10. https://doi.org/10.1371/journal.pone.0166269 PMID: 27832182

PLOS ONE | https://doi.org/10.1371/journal.pone.0233293 May 20, 2020 12/13


https://saudeamanha.fiocruz.br/wp-content/uploads/2017/11/PJSSaudeAmanha_Texto0022_2016_v05.pdf
https://saudeamanha.fiocruz.br/wp-content/uploads/2017/11/PJSSaudeAmanha_Texto0022_2016_v05.pdf
https://doi.org/10.9778/cmajo.20180113
http://www.ncbi.nlm.nih.gov/pubmed/30755414
https://doi.org/10.1016/S0140-6736(19)31243-7
https://doi.org/10.1016/S0140-6736(19)31243-7
https://doi.org/10.1186/s12885-019-6190-3
http://www.ncbi.nlm.nih.gov/pubmed/31647005
https://doi.org/10.1016/S1470-2045(15)00218-1
http://www.ncbi.nlm.nih.gov/pubmed/26522157
https://doi.org/10.1007/s00520-012-1524-6
https://doi.org/10.1007/s00520-012-1524-6
http://www.ncbi.nlm.nih.gov/pubmed/22722887
https://doi.org/10.12788/jhm.2745
http://www.ncbi.nlm.nih.gov/pubmed/28574529
https://doi.org/10.1371/journal.pone.0197891
http://www.ncbi.nlm.nih.gov/pubmed/29879136
http://www.datasus.gov.br
https://doi.org/10.5123/s1679-49742015000300005
http://www.ncbi.nlm.nih.gov/pubmed/16794974
https://doi.org/10.1200/JCO.2017.72.4963
http://www.ncbi.nlm.nih.gov/pubmed/28850290
https://doi.org/10.1186/s12913-019-4509-z
https://doi.org/10.1186/s12913-019-4509-z
http://www.ncbi.nlm.nih.gov/pubmed/31492185
https://doi.org/10.1016/j.aenj.2011.03.005
https://doi.org/10.1200/JCO.2014.55.3131
http://www.ncbi.nlm.nih.gov/pubmed/25287830
https://doi.org/10.1200/JOP.18.00254
http://www.ncbi.nlm.nih.gov/pubmed/30523749
https://doi.org/10.1001/jama.2015.18603
http://www.ncbi.nlm.nih.gov/pubmed/26784775
https://doi.org/10.1371/journal.pone.0120827
https://doi.org/10.1371/journal.pone.0120827
http://www.ncbi.nlm.nih.gov/pubmed/25812117
https://doi.org/10.1016/j.athoracsur.2012.04.082
https://doi.org/10.1016/j.athoracsur.2012.04.082
http://www.ncbi.nlm.nih.gov/pubmed/22742847
https://doi.org/10.1371/journal.pone.0166269
http://www.ncbi.nlm.nih.gov/pubmed/27832182
https://doi.org/10.1371/journal.pone.0233293

PLOS ONE

Hospitalizations and length of stay of cancer patients in Brazil

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

O’Neill CB, Atoria CL, O’Reilly EM, Henman MC, Bach PB, Elkin EB, et al. ReCAP: Hospitalizations in
Older Adults with Advanced Cancer: The Role of Chemotherapy. J Oncol Pract. 2016; 12(2):151—
e148. https://doi.org/10.1200/JOP.2015.004812 PMID: 26869655

Hassett MJ, Rao SR, Brozovic S, Stahl JE, Schwartz JH, Maloney B, et al. Chemotherapy-related hos-
pitalization among community cancer center patients. Oncologist. 2011; 16(3):378-87. https://doi.org/
10.1634/theoncologist.2010-0354 PMID: 21349949

Waddle MR, Chen RC, Arastu NH, Green RL, Jackson M, Qagish BF, et al. Unanticipated hospital
admissions during or soon after radiation therapy: Incidence and predictive factors. Practical Radiation
Oncology, 2015; 5(3), e245—-e253. https://doi.org/10.1016/j.prro.2014.08.004 PMID: 25413398

Guerra Junior AA, Pereira RG, Andrade EIG, Cherchiglia M, Dias LV, Avila D, etal. Building the
National Database of Health Centred on the Individual: Administrative and Epidemiological Record Link-
age—Brazil, 2000-2015. International Journal of Population Data Science. 2018; 3:3:20. https://doi.
org/10.23889/ijpds.v3i1.446

Brazil. National Cancer Institute, INCA/MS. Estimate 2020: Cancer Incidence in Brazil. Rio de Janeiro,
RJ: Ministry of Health, National Cancer Institute; 2019. Available from: <https://www.inca.gov.br/sites/
ufu.sti.inca.local/files//media/document//estimativa-2020-incidencia-de-cancer-no-brasil.pdf>.

Union for International Cancer Control-UICC. What is TNM?. UICC Global cancer control. https://www.
uicc.org/resources/tnm. Updated October 1, 2019. Accessed April 08, 2020.

Brazil. Brazilian Institute of Geography and Statistics, IBGE. A health Panorama in Brazil: access and
use of services, health conditions and risk factors and health protection: 2008. Rio de Janeiro: IBGE,
2010. 256 p. Available from: <https://biblioteca.ibge.gov.br/visualizacao/livros/liv44356.pdf >.

Tamang S, Patel M, Blayney DW, Kuznetsov J, Finlayson SG, Vetteth Y, et al. Detecting Unplanned
Care From Clinician Notes in Electronic Health Records. Journal of Oncology Practice. 2015; 11
(3):313-319. https://doi.org/10.1200/JOP.2014.002741 PMID: 25980019.

Pugh A, Rogerson H, Cosh H, Hart J, Williams H, Jenkins C. Acute oncology: a developing sub-spe-
cialty. BrJ Nurs. 2015, 24(16): S18-25. https://doi.org/10.12968/bjon.2015.24.Sup16.518 PMID:
26355448

O’Connor NR, Hu R, Harris PS, Ache K, Casarett DJ. Hospice admissions for cancer in the final days of
life: independent predictors and implications for quality measures. J Clin Oncol. 2014, 32(28):3184-9.
https://doi.org/10.1200/JC0O.2014.55.8817 PMID: 25154824

Kelly M, Sharp L, Dwane F, Kelleher T, Comber H. Factors predicting hospital length-of-stay and read-
mission after colorectal resection: a population-based study of elective and emergency admissions.
BMC Health Services Research. 2012, 12:77. hitps://doi.org/10.1186/1472-6963-12-77 PMID:
22448728

Pern DS, Lu IC, ShiHY, Lin CW, Liu KW, Su YF, et al. Incidence trends and predictors for cost and aver-
age lengths of stay in colorectal cancer surgery. World J Gastroenterol. 2014, 20(2): 532-538. https://
doi.org/10.3748/wjg.v20.i2.532 PMID: 24574722

Scolari GAS, Rissardo LK, Baldissera VDA, Carreira L. Emergency care units and dimensions of acces-
sibility to health care for the elderly. Rev Bras Enferm. 2018; 71(suppl 2):811-7. https://doi.org/10.1590/
0034-7167-2017-0440 PMID: 29791627

O’Dwyer G, Konder MT, Reciputti LP, Lopes MGM, Agostinho DF, Alves GF. The implementation pro-
cess of the emergency units in Brazil. Rev. Saude Publica. 2017; 51:125. https://doi.org/10.11606/
S1518-8787.2017051000072 PMID: 29236876

Maciel MGS. Organizac¢éo de servigos de Cuidados Paliativos. In: Carvalho RT, Parsons HA (Org.).
Manual de Cuidados Paliativos. 2. ed. Porto Alegre: Sulina, 2012. pp.94—110. Available from: <https://
paliativo.org.br/download/manual-de-cuidados-paliativos-ancp/>.

PLOS ONE | https://doi.org/10.1371/journal.pone.0233293 May 20, 2020 13/13


https://doi.org/10.1200/JOP.2015.004812
http://www.ncbi.nlm.nih.gov/pubmed/26869655
https://doi.org/10.1634/theoncologist.2010-0354
https://doi.org/10.1634/theoncologist.2010-0354
http://www.ncbi.nlm.nih.gov/pubmed/21349949
https://doi.org/10.1016/j.prro.2014.08.004
http://www.ncbi.nlm.nih.gov/pubmed/25413398
https://doi.org/10.23889/ijpds.v3i1.446
https://doi.org/10.23889/ijpds.v3i1.446
https://www.inca.gov.br/sites/ufu.sti.inca.local/files//media/document//estimativa-2020-incidencia-de-cancer-no-brasil.pdf
https://www.inca.gov.br/sites/ufu.sti.inca.local/files//media/document//estimativa-2020-incidencia-de-cancer-no-brasil.pdf
https://www.uicc.org/resources/tnm
https://www.uicc.org/resources/tnm
https://biblioteca.ibge.gov.br/visualizacao/livros/liv44356.pdf
https://doi.org/10.1200/JOP.2014.002741
http://www.ncbi.nlm.nih.gov/pubmed/25980019
https://doi.org/10.12968/bjon.2015.24.Sup16.S18
http://www.ncbi.nlm.nih.gov/pubmed/26355448
https://doi.org/10.1200/JCO.2014.55.8817
http://www.ncbi.nlm.nih.gov/pubmed/25154824
https://doi.org/10.1186/1472-6963-12-77
http://www.ncbi.nlm.nih.gov/pubmed/22448728
https://doi.org/10.3748/wjg.v20.i2.532
https://doi.org/10.3748/wjg.v20.i2.532
http://www.ncbi.nlm.nih.gov/pubmed/24574722
https://doi.org/10.1590/0034-7167-2017-0440
https://doi.org/10.1590/0034-7167-2017-0440
http://www.ncbi.nlm.nih.gov/pubmed/29791627
https://doi.org/10.11606/S1518-8787.2017051000072
https://doi.org/10.11606/S1518-8787.2017051000072
http://www.ncbi.nlm.nih.gov/pubmed/29236876
https://paliativo.org.br/download/manual-de-cuidados-paliativos-ancp/
https://paliativo.org.br/download/manual-de-cuidados-paliativos-ancp/
https://doi.org/10.1371/journal.pone.0233293

