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Abstract

Background: In the area of nephrology, the practical application of relative survival methodologies can provide information
regarding the impact of outcomes for patients with kidney failure on dialysis compared with what would be expected in the
absence of this condition.

Objective: Compare the net survival of hemodialysis (HD) and peritoneal dialysis (PD) patients in a cohort of incident
patients on chronic dialysis in Colombia, according to the dialysis therapy modality.

Design: Observational, analytic, historical cohort.

Setting: Renal Therapy Services (RTS) clinic network across Colombia.

Patients: Patients over |8 years old with chronic kidney disease, incidents in dialytic therapy, which reached day 90 of
therapy. Recruitment took place from January |, 2008, to December 31, 2013, with a follow-up until December 31, 2018.
The final cohort for analysis corresponds to a total of 12508 patients, of which 5330 patients (42.6%) began HD and 7178
patients (57.4%) began PD.

Measurements: Demographic, socioeconomic, and clinical variables were measured.

Methods: Analyses were conducted according to the treatment assigned (PD or HD) at the time of the inception of the
cohort and another approach of analysis was done with a subsample of those patients who never changed the initial modality.
To calculate expected survival, life tables were constructed for Colombia for the years 2006 to 2018. Net survival estimates
were made using the Pohar Perme estimator. The comparison of the net survival curves was done using the method
developed by Pavli¢ and Perme, the log-rank type.

Results: Net survival at 5 years compared with the general population was estimated at 0.53 (95% confidence interval
0.52-0.54) in the dialysis cohort. In intention-to-treat analyses of 7178 patients on PD and 5330 patients on HD, by global
and Pohar-Perme methods, survival (expressed as a ratio of survival in patients on dialysis to survival in an age-, sex- and
geographic-matched general Colombian population) was higher in patients on HD than in those on PD. In year [, net survival
by Pavlov-Perme on PD was 0.79 (95% confidence intervals [CI] 0.78 - 0.80) and on HD 0.85 (95% CI 0.84 - 0.86); in year 5,
0.36 (95% Cl 0.34 — 0.38) and 0.57 (95% CI 0.55 — 0.59) for PD and HD respectively.

Limitation: There may be imbalances among the populations analyzed (HD vs PD), in which one or more variables other
than the type of therapy may influence the survival of the patients. In Colombia there are marginal levels of underreporting
of demographic data in some subpopulations that may affect life-tables construction.

Conclusion: An important difference was observed in terms of survival between the dialysis population and the population
of reference without dialysis. Statistically significant differences were found in net survival between HD and PD, net survival
was higher in patients on HD than in those on PD.

Abrégé

Contexte: En néphrologie, I'application pratique des méthodologies de survie relative peut fournir des renseignements sur
impact des résultats des patients atteints d’insuffisance rénale suivant des traitements de dialyse comparativement a ce qui
serait attendu en I'absence de cette affection.

Objectif: Comparer la survie nette, selon la modalité de dialyse, dans une cohorte de patients colombiens traités par
hémodialyse (HD) ou par dialyse péritonéale (DP) de fagon chronique.

Type d’étude: Etude de cohorte observationnelle, analytique et historique.

Cadre: Le réseau Renal Therapy Services (RTS) de la Colombie.

Sujets: Des patients adultes souffrant d’insuffisance chronique ayant nouvellement débuté la dialyse depuis plus de
90 jours. Le recrutement a eu lieu du ler janvier 2008 au 3| décembre 2013, et le suivi s’est poursuivi jusqu’au 3| décembre
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2018. L’analyse porte sur un total de 12 508 patients, dont 5 330 (42,6 %) avaient entrepris des traitements d’hémodialyse
et 7 178 (57,4 %) de dialyse péritonéale.

Mesures: Les données démographiques, socio-économiques et cliniques des patients.

Méthodologie: Les analyses ont été menées en fonction du traitement attribué (DP ou HD) au moment de la création de la
cohorte. Une autre analyse a été réalisée sur un sous-échantillon de patients n’ayant jamais changé la modalité depuis le début
du traitement. Des tables de survie spécifiques a la Colombie entre les années 2006 et 2018 ont été élaborées pour calculer
la survie attendue. Les estimations de survie nette ont été faites en utilisant I'estimateur de Pohar Perme. Et la méthode
développée par Pavli¢ et Perme, soit le test du log-rank a servi a la comparaison des courbes de survie nette.

Résultats: La survie nette aprés cinq ans, comparée a celle de la population générale, a été estimée a 0,53 (IC 95 %: 0,52
a 0,54) dans la cohorte de patients dialysés. Dans les analyses en intention de traiter portant sur 7 178 patients sous HD
et 5 330 patients sous DP — réalisées par méthode globale et avec I'estimateur Pohar Perme — la survie (exprimée sous
forme de rapport entre la survie de patients dialysés et la survie de Colombiens de la population générale du méme age,
sexe et région géographique) s’est avérée plus élevée chez les patients sous HD que chez les patients sous DP. Au cours de
la premiére année, la survie nette (Pavlov Perme) des patients sous DP s’établissait a 0,79 (IC 95 % : 0,78-0,80) et celle des
patients sous HD a 0,85 (IC 95 % : 0,84-0,86); apreés cinq ans, elle était passée a 0,36 (IC 95 % : 0,34-0,38) pour les patients
sous DP et 2 0,57 (IC 95 % : 0,55-0,59) pour les patients sous HD.

Limites: |l pourrait exister des disparités parmi les populations analysées (HD vs DP), ou des variables autres que la modalité
pourraient influencer la survie des patients. Il existe, dans certaines sous-populations de Colombie, des niveaux marginaux de
sous-déclaration des données démographiques qui pourraient affecter I'élaboration des tables de survie.

Conclusion: Une différence importante a été observée entre la survie des patients dialysés et celle d’'une population de
référence (personnes non dialysées). On a également constaté des différences statistiquement significatives entre le groupe
sous HD et le groupe sous DP en ce qui concerne la survie nette, laquelle s’est avérée plus élevée chez les patients sous HD.
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outcomes of peritoneal dialysis (PD) and hemodialysis (HD).
Although strong evidence has been built up on survival on
dialysis, the question of whether a difference in survival
exists between dialysis modes remains a controversial
issue. >3 101L12 Tn most of these studies, the outcome of the
study is defined as all-cause mortality, which includes all
deaths in the study cohort without distinguishing those by the

What was known before

There are some published studies using methods of relative
survival for studying chronic kidney disease; however, few
studies compare both modalities of dialysis using methods
such as relative or net survival.

What this adds

This study represents a strong starting point for the applica-
tion of the methods of net survival in nephrology, by estimat-
ing the net survival probabilities according to the modalities
of dialysis in the Colombian network of renal centers.

Introduction

In recent decades, in a global context characterized by the
increasing prevalence of chronic diseases, including chronic
kidney disease (CKD), there has emerged a considerable
interest in the assessment of health outcomes among dialysis
modalities, including the comparison between survival

disease of interest. In general, these approaches are not very
useful for estimating the prognosis of CKD patients on dialy-
sis therapy.

In survival analysis, when the interest lies in the study of
cause-specific deaths, complications may arise due to prob-
lems in establishing the cause of death of a patient, the pres-
ence of many different causes of death in the cohort, or the
difficulty in assigning death to a single cause.'? In this regard,
the methods of analysis of relative survival can directly mea-
sure the excess mortality of a group of patients with a spe-
cific disease, when compared with the mortality of the
general population, obtaining an estimate of net survival.!'*
This concept of net survival describes the net effect of a dis-
ease after removing the effects of competitive causes of
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death, originated from the general population.!”® That is, it
would be the survival that could be observed if the only
causes of death were those directly or indirectly related to the
disease of interest. In the area of nephrology, the practical
application of relative survival methodologies can provide
information regarding the impact of outcomes for patients
with kidney failure on dialysis compared with what would be
expected in the absence of this condition.

Renal Therapy Services (RTS) is a network of renal clin-
ics located in Colombia, serving around 9000 dialysis
patients (about 33% of the population on dialysis in
Colombia) in 50 centers. It is important to highlight that 40%
of this population on dialysis are treated in PD.

As outstanding characteristics of the RTS health care pro-
cess, it must be said that there is no reuse of dialyzers, the
proportion of patients with access for HD type arteriovenous
fistula or AV graft is 82%, and the minimum standard of fre-
quency and duration of HD is 4 hours 3 times a week.
Regarding PD, the patient attends a monthly comprehensive
evaluation, the nurse / PD patient ratio is 1:50, and the peri-
tonitis rate is 0.21 episodes per patient-year.

The aim of this study is to compare the net survival of HD
and PD patients in a cohort of incident patients on chronic
dialysis in Colombia, according to the dialysis modality.

Materials and Methods
Type of Study

We conducted an observational, analytic, historical cohort
study using data from medical records of RTS patients. This
study was conducted using a prespecified protocol, approved
by Renal Therapy Services Research Ethics Board in Bogota,
Colombia.

Population

Patients of RTS were included between January 1, 2008, and
December 31, 2013, with a follow-up until December 31,
2018. To be admitted to the study cohort, patients had to be
over 18 years old with chronic kidney disease, incident
patients receiving dialysis therapy, and reached day 90 of
therapy. The main outcome of the study was death from all
causes. The causes of censorship on the right were change of
health insurer, suspension or abandonment of treatment, kid-
ney transplant, recovery of residual kidney function, comple-
tion of follow-up without the occurrence of death, and
change of therapy censored after 30 days.

Procedures for Variable Measurement and
Gathering of Information
Demographic, socioeconomic, and clinical variables were col-

lected at the beginning of patient follow-up. Data collection was
done directly from medical records. The electronic medical

record has systematically parameterized predictive and out-
come variables and has processes and procedures for quality
control of clinical information that are validated monthly.

The specific death rates of the population were calculated
using data from the population projections of the Colombian
National Administrative Department of Statistics and the mor-
tality data available in the Integral information system of
Ministry of health. With the mortality and population informa-
tion collected, life tables were constructed for the Colombian
population, for the years 2006 to 2019, considering age, sex,
and departments. A process of smoothing out the mortality
rates was done using a functional demographic model.

Statistical Analysis

Quantitative variables were described by calculating medi-
ans and interquartile range. Qualitative variables were
described as proportions. Calculations of 95% confidence
intervals were performed. Comparison tests were performed
using the chi-square test for qualitative variables and the
Mann-Whitney test for quantitative variables.

The calculation of the global survival was done through
Kaplan Meier’s method and the comparison of survival
curves was done through the Log-rank method. To calculate
expected survival, life tables were constructed for Colombia
for the years 2006 to 2018. The calculation of net survival
was performed by the Pohar Perme estimator. The net cumu-
lative survival function was defined as the ratio between
observed and expected survival in the general population,
interpreted as the proportion of patients who survived from
the start of follow-up until time t, representing the probabil-
ity of surviving dialysis therapies in the absence of other
causes of death. The comparison of the net survival curves
was done using the method developed by Pavli¢ and Perme,
the log-rank type.'® Age-standardized rates were reported.

Two approaches of analysis were carried out. First, the
patients were analyzed according to the treatment assigned
(PD or HD) at the time of the inception of the cohort, censor-
ing at the moment of change of therapy. The other approach
of analysis was done with a subsample of those patients who
never changed the initial modality. The statistical analyses
were conducted with the program R version 3.6.3, by the
packages survival and relsurv.!7"?

Results

Patients

A total of 12508 patients were included in the analysis, of
which 5330 patients (42.6%) began on HD and 7178 patients
(57.4%) began on PD. A median follow-up time of 4.88 years
was recorded for the total number of patients (95% confi-
dence interval [CI] 4.72-5.05 years).

Regarding the sociodemographic characteristics at the
beginning of the follow-up, statistically significant
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Table 1. Sociodemographic Characteristics by Therapy Modality, at the Beginning of the Follow-up.

Hemodialysis

Peritoneal dialysis

Characteristics (n = 5330) (n=7178) P value
Age, median [interquartile range] 63 [52, 72] 60 [49, 70] <.001*
Age <65 years, n (%) 2914 (54.7) 4475 (62.3) <.001*
Age =65 years, n (%) 2416 (45.3) 2703 (37.7)
Females, n (%) 1974 (37.0) 3271 (45.6) <.001*
Socioeconomic level, n (%) .002

I 1840 (34.5) 2583 (36.0)

2 169 (3.2) 287 (4.0)

3 2055 (38.6) 2807 (39.1)

5 385 (7.2) 455 (6.3)

No data 881 (16.5) 1046 (14.6)
Education level, n (%) 159

llliterate 373 (7.0) 474 (6.6)

Reads and writes 1319 (24.7) 1666 (23.2)

Primary 1935 (36.3) 2598 (36.2)

Secondary 1314 (24.7) 1897 (26.4)

Technical 112 (2.1) 163 (2.3)

University 277 (5.2) 380 (5.3)
Rural residence, n (%) 427 (8.0) 882 (12.3) < .001*
Contributive affiliation type, n (%) 3599 (67.5) 4998 (69.6) 013*

*Statistically significant.

differences were found in age and sex. The main cause of
renal disease was diabetes in 5540 patients (44.3%) (Table 1).
In terms of comorbidities, statistically significant differences
in the presence of diabetes and hypertension were reported
(P < .001). The summary of the clinical laboratory variables
is presented in Table 2. There were significant differences in
the albumin levels between HD and PD cohorts (P < .001).
The PD group had higher residual kidney function (P < .001)
(Table 2).

Survival Analysis

A total of 5042 deaths were reported, with a mortality rate of
14.1 deaths per 100 patients/year (95% CI 13.7-14.5). The
median global survival time was reported to be 4.88 years
(95% CI 4.72-5.05) and a net survival at 5 years 0f 0.53 (95%
CI 0.52-0.54) in the total dialysis cohort (Figure 1).

Analysis in Patients According to the Treatment
Assigned at the Time of the Inception of the
Cohort

The median net survival time was 6.5 years (95% CI 6.1-
7.1) for the HD group, compared with 3.19 years (95% CI
3.05-3.36) for the PD group (log-rank type P < .001). Net
survival was higher in the HD group (85%, 95% CI
84-86%) compared with the PD group (79%, 95% CI
78-80%) (Table 3). Figure 2 shows the survival curves
according to the therapy modality.

Analysis in Patients Who Never Changed the
Initial Modality

In patients who did not change therapy, 4344 deaths occurred,
with a standardized mortality rate of 17.6 per 100 patients/
year (95% CI 17-18.3) for the PD group and 12.3 per 100
patients/year (95% CI 11.7-13) for the HD group.

Net median survival time was 7 years (95% CI 6.3-7.8)
for the HD group, compared with 4.1 (95% CI 3.9-4.3) years
for the PD group (log-rank type P < .001). After the second
year of follow-up, net survival was higher in the HD group
(80.9%, 95% CI 79.5-82.3) compared with the PD group
(73.9%, 95% CI 72.6-75.2) (Table 4).

Discussion

The health outcomes of patients receiving chronic dialysis
has been improving over the past 7 decades'?%?!; however, in
terms of survival outcomes, there is still much to be improved.
Chronic dialysis patients, as well as the general population,
can be exposed to risks associated with their lifestyle, envi-
ronment, accidents, and other determinants that can lead to
deterioration in health status. Few studies have addressed the
problem of comparing survival on dialysis with the general
population without CKD.?*?* Our study estimated the global
and net survival in a population of prevalent patients on
chronic dialysis, while contrasting them against the expected
population survival for Colombia.

The application of net survival methods is still under
development in nephrology. One of the advantages of
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Table 2. Clinical Characteristics by Therapy Modality, at the Beginning of the Follow-up.

Hemodialysis

Peritoneal dialysis

Characteristics (n = 5330) (n=17178) P value
Chronic kidney disease cause, n (%) <.001*
Hypertension 1296 (24.3) 1668 (23.2)
Diabetes 2163 (40.6) 3377 (47.0)
Obstructive 383 (7.2) 229 (3.2)
Polycystic kidney disease 105 (2) 135 (1.9)
Tubulointerstitial 33 (0.6) 43 (0.6)
Glomerular 397 (7.4) 729 (10.2)
Pyelonephritis 12 (0.2) 11 (0.2)
Unknown 610 (11.4) 701 (9.8)
Others 331 (6.2) 285 (4.0)
Diabetes, n (%) 2557 (48.0) 3843 (53.5) <.001*
Hypertension, n (%) 4204 (78.9) 5914 (82.4) <.000*
Ischemic cardiovascular disease, n (%) 673 (12.6) 837 (11.7) 107
Cerebrovascular disease, n (%) 176 (3.3) 232 (3.2) .867
Heart failure, n (%) 725 (13.6) 963 (13.4) .783
Body mass index (kg/m?), median [IQR] 23.4 [20.8, 26.2] 24 [21.5, 26.8] <.001*
Weight (kg) 62 [54, 70.8] 63 [54.8, 72] .006*
Charlson index, n (%) 1o
No comorbidity (score 0-1) 1381 (29) 2079 (30.5)
Moderate comorbidity (score 2-3) 2473 (51.9) 3403(50)
High comorbidity (score >3) 914 (19.2) 1325 (19.5)
No Charlson index data, n (%)
Hemoglobin (g/dL), median [IQR] 104 9.1, 11.7] 11.5]10.2, 12.6] <.000*
Phosphorus (mg/dL), median [IQR] 4.1 [3.3, 5] 4.41[3.7,53] <.000*
Albumin (g/dL), median [IQR] 3.8[35,4.1] 3.5[3.1,3.9] <.000*
Albumin <3.5 g/dL, n (%) 1085 (22.4) 2890 (41.2) <.001*
Albumin 3.5 to <4 g/dL, n (%) 2067 (42.7) 2773 (39.5)
Albumin =4 g/dL, n (%) 1960 (34.9) 1359 (19.4)
No albumin data, n (%) 488 (9) 156 (2.2)
Parathyroid hormone (pg/mL), median [IQR] 152 [73, 298] 217.7 [118, 366.2] <.001*
Ferritin (ng/mL), median [IQR] 328 [156.7, 587.5] 303.1 [152, 563] .004*
Iron (pg/dL), median [IQR] 45.6 [33, 61.5] 53.4 [38, 72.6] <.001*
Platelet count, median [IQR] 245000 [197 000, 309000] 282000 [227 000, 347 000] <.001*
Lymphocyte count, median [IQR] 2540 [1790, 3790] 2680 [1920, 4400] <.001*
Lymphocyte platelet ratio, median [IQR] 94.8 [56, 133] 99.7 [50.3, 137.7] .022%
Use of erythropoiesis-stimulating agents (ESA) 6000 [4000, 12000] 6000 [4000, 8000] <.001*
(IU/kg), median [IQR]
ESA resistance index, median [IQR] 12 [7.4, 19.8] 845, 13.3] <.001*
nPCR (g/kg/day), median [IQR] 0.9 [0.4, 1.2] 0.9 [0.6, 1.2] 819
Malnutrition Index Inflammation, median [IQR] 0[O0, 3] 0[O0, 3] <.001*
Residual diuresis (mL/day), median [IQR] 0 [0, 975] 700 [320, 1250] <.001*
No residual diuresis (=100 mL/day), n (%) 3093 (76.9) 929 (23.1) <.001*
No residual diuresis data, n (%) 199 (4) 109 (1.5)

Note. IQR = interquartile range; nPCR = normalized protein catabolic rate.
*Statistically significant.

relative or net survival methods is that it is not necessary to
know the causes of death of the people within the study
because, when compared with the mortality rates of the gen-
eral population, we can obtain a net measure of survival in
the absence of causes of death different from those related to
chronic renal disease and dialysis. Second, it allows dialysis

outcomes to be comparable between different countries,
health systems, and between different chronic diseases, since
it manages to contrast the survival of a population with a
specific pathology, against a reference population.?

A substantial body of evidence has been generated about
the survival in HD and PD. With net survival methods, we
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Figure |. Survival curves of the patients in the cohort. Comparison of observed, expected, and net survival times.

Note. The figure compares survival observed, expected, and net survival curves. The median global survival time was 4.88 years (95% Cl 4.72-5.05) and
a net survival at 5 years of 0.53 (95% CI 0.52-0.54) in the dialysis chronic kidney disease cohort. The difference between the two survival measures at 5
years indicates that dialysis patients die 4% more from causes other than those related to dialysis. Cl = confidence interval.

Table 3. Global and Net Survival Function in Patients According to the Treatment Assigned at the Time of the Inception of the

Cohort.
Peritoneal dialysis Hemodialysis
(n=7178) (n = 5330)

Years Global survival® Net survival (95% CI) Global survival* Net survival (95% ClI)
| 0.78 0.79 (0.78-0.80) 0.83 0.85 (0.84-0.86)

2 0.63 0.65 (0.64-0.66) 0.75 0.78 (0.76-0.79)

3 0.50 0.52 (0.51-0.54) 0.66 0.70 (0.68-0.71)

4 0.41 0.43 (0.41-0.45) 0.59 0.63 (0.62-0.65)

5 0.33 0.36 (0.34-0.38) 0.52 0.57 (0.55-0.59)

Note. Cl = confidence interval.
2In which the outcome is death from all causes.

found significant differences between net and expected sur-
vival. Our dialysis population had a 5-year net survival of
53.3% (95% CI 52%-54%), compared with a probability a
S-year general population survival of 99%. This difference
reflects a window of opportunities in the improvement of
survival of patients on chronic dialysis, among which we
highlight actions at the level of public health, in dialysis
technologies, patient follow-up, and other strategies to
improve survival in this population.

Some studies have shown that global survival is similar or
better in the first or second year for the PD group, being later
improved by the HD group.”*’

Among the strengths of this study is the large number of
patients included in the cohort, which is a representative
sample of the country’s dialysis patients. The patients belong
to a network of renal clinics, which allowed a strict 5-year
follow-up, and an exhaustive quality control based on stan-
dardized processes in an electronic clinical record system.
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Note. Comparison of observed, expected, and net survival times. (A) Analysis in patients according to the treatment assigned at the time of the inception
of the cohort. (B) Analysis in patients who never changed the initial modality. The results of both approaches were consistent in showing differences in
both mortality rates and net survival between peritoneal dialysis and hemodialysis. NS = net survival; GS = global survival.

Table 4. Global and Net Survival Function in Patients Who Never Changed the Initial Modality.

Peritoneal dialysis

Hemodialysis

(n = 6155) (n = 4645)
Year Global survival® Net survival (95% ClI) Global survival® Net survival (95% ClI)
| 0.87 0.87 (0.86-0.88) 0.86 0.88 (0.87-0.89)
2 0.72 0.73 (0.72-0.75) 0.78 0.80 (0.79-0.82)
3 0.59 0.61 (0.59-0.62) 0.69 0.73 (0.71-0.75)
4 0.49 0.51 (0.49-0.53) 0.62 0.67 (0.65-0.69)
5 0.41 0.43 (0.41-0.45) 0.55 0.60 (0.58-0.63)

Note. Cl = confidence interval.
2In which the outcome is death from all causes.

Another strength is the performance of a statistical analysis
conducted under two approaches: by separating those
patients who never changed the initial dialysis modality from
the patients who had at least one dialysis modality change
over the follow-up period. In terms of strengths related to
methodology, it was the use of department-specific life
tables, taking into account the great variability that exists
among the country’s departments and favoring comparison
of the survival of the cohort with a general population with
more similar characteristics.?>2° On the other hand, consider-
ing the limited literature on the subject, this study opens a
whole field of study in relative and net survival in
nephrology.

A limitation of the present study is its observational
design; thus, there may be imbalances among the popula-
tions analyzed (HD vs PD). This leads to the well-known
phenomenon of confounding, in which one or more variables
other than the type of therapy may influence the survival of
the patients. More studies should be done with matching
methodologies or multivariate methods to address this limi-
tation. Given that life tables are constructed with secondary
sources, the precision of these estimators will always depend
on the quality of the registered demographic information,
which in Colombia, in spite of being of good quality, has
demonstrated marginal levels of underreporting in some
subpopulations.
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Conclusion

This study estimated the global and net survival in a popula-
tion of prevalent patients on chronic dialysis, while contrast-
ing them against the expected population survival for
Colombia. An important difference was observed in terms of
survival between the dialysis population and the population
of reference without dialysis. Statistically significant differ-
ences were found in net survival between HD and PD, net
suvival was higher in patients on HD than in those on PD,
where an advantage was observed for the HD group. More
studies are needed to address the problem of imbalance
between the two populations and its consequent problem of
confounding. This study represents a strong starting point for
the application of the methods of net survival in the area of
nephrology, considering that the latter can permit compari-
sons between countries and health systems, among other
comparisons of significant impact on public health.
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