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Introduction: In patients with advanced cancer, prolongation of life with treatment often incurs 

substantial emotional and financial expense. Among hospitalized patients with cancer since acute 

kidney injury (AKI) is known to be associated with much higher odds for hospital mortality, we 

investigated whether renal replacement therapy (RRT) use in the intensive care unit (ICU) was a 

significant independent predictor of worse outcomes.

Methods: We retrospectively reviewed patients admitted in 2005 to 2014 who were diagnosed 

with stage IV solid tumors, had AKI, and a nephrology consult. The main outcomes were survival 

times from the landmark time points, inpatient mortality, and longer term survival after hospital 

discharge. Logistic regression and Cox proportional regression were used to compare inpatient 

mortality and longer term survival between RRT and non-RRT groups. Propensity score-matched 

landmark survival analyses were performed with 2 landmark time points chosen at day 2 and at 

day 7 from ICU admission.

Results: Of the 465 patients with stage IV cancer admitted to the ICU with AKI, 176 needed 

RRT. In the multivariate logistic regression model after adjusting for baseline serum albumin and 

baseline maximum Sequential Organ Failure Assessment (SOFA), the patients who received RRT 

were not significantly different from non-RRT patients in inpatient mortality (odds ratio: 1.004 

[95% confidence interval: 0.598-1.684], P = .9892). In total, 189 patients were evaluated for the 

impact of RRT on long-term survival and concluded that RRT was not significantly associated 

with long-term survival after discharge for patients who discharged alive. Landmark analyses at 

day 2 and day 7 confirmed the same findings.

Conclusions: Our study found that receiving RRT in the ICU was not significantly associated 

with inpatient mortality, survival times from the landmark time points, and long-term survival after 

discharge for patients with stage IV cancer with AKI.
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Introduction

An increasing body of data indicate the poor quality of life associated with renal 

replacement therapy (RRT),1 including those with acute kidney injury (AKI).2 In a general 

population of critically ill patients requiring RRT, AKI has been associated with mortality of 

40% to 70%, and AKI is an independent risk factor for death.3,4 In patients with solid tumor 

in particular, the prevalence of AKI and chronic kidney disease has been studied extensively 

because of the negative effects of these conditions on cancer and overall mortality.5–7 The 1-

year risk of AKI as defined by Risk, Injury, Failure, Loss of kidney function, and End-stage 

kidney disease in a large Danish study in patients with cancer was 17.5%.5 The Renal 

Insufficiency and Anticancer Medications 1 and 2 studies showed that the 2-year survival 

rate in patients with active malignancy was significantly lower for those with chronic kidney 

disease defined as glomerular filtration rate (GFR) less than 60 ml/min using Modification 

of Diet in Renal Disease equation.6 In cancer populations, AKI in hospitalized patients was 

associated with more than 4-fold higher odds of mortality (odds ratio [OR]: 4.47, 95% 

confidence interval [CI]: 3.16-6.32, P < .001).8 Use of RRT in the intensive care unit (ICU) 
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was further evaluated and, in a multivariate analysis of patients who received at least 48 

hours of continuous RRT, was a significant and independent predictor of higher mortality.9

With advances in cancer medicine, survival has improved. The goal is remission; however, 

as the complexities of cancer biology prevent full eradication of the disease in some cases, 

keeping the progression of cancer at bay is an acceptable and often celebrated option. To 

help patients through their difficult journey of treatments, our role as physicians is to provide 

the support necessitated by the individual situation using a patient-centered approach. The 

Institute of Medicine (IOM) defined the term “patient centered” as “providing care that is 

respectful of and responsive to individual patient preferences, needs, and values, and 

ensuring that patient values guide all clinical decisions.”10 Patients with advanced solid 

tumors whose disease has not responded to multiple lines of treatment admitted with AKI 

with indications for hemo-RRT is a typical situation that arises in a cancer center. Given the 

nephrotoxicity associated with chemotherapies and antibiotics, and the contribution of 

sepsis, infections, and urinary obstruction to AKI in patients with cancer, we are often led to 

question the benefit of RRT in these patients. There is evidence in the general population 

that the adjusted mortality rate of patients on maintenance RRT is nearly twice that of adults 

with cancer and more than twice that of adults with congestive heart failure or stroke.11 

Therefore, exploring the outcomes of RRT for AKI in an advanced cancer population is of 

importance.

The objective of the study was to determine the impact of RRT on survival for ICU admitted 

patients with stage IV cancer and AKI, using propensity score matched landmark analyses at 

2 separate landmark time points.

Methods

Study Design and Patient Population

We retrospectively reviewed all patients admitted to The University of Texas MD Anderson 

Cancer Center in 2005 to 2014 with stage IV solid tumors who were admitted with a 

diagnosis of AKI and for who a nephrology consult was obtained. This retrospective study 

was approved by the institutional review board at the University of Texas MD Anderson 

Cancer Center in accordance with the principles of the Declaration of Helsinki. The main 

end points of the study were long-term survival after hospital discharge, inpatient mortality, 

and survival times from the landmark time points. A data file of 1194 of unique patients’ 

records was created by extracting patients diagnosed with AKI on hospitalization using the 

International Classification of Diseases-9 diagnosis codes from the MD Anderson Enterprise 

Information Warehouse, which electronically stores patient data. Of the 900 that fit the 

inclusion criteria, 176 needed RRT during their stay in the ICU. We compared them with 

other ICU admitted patients in order to adjust for the intensity of illness using available 

Sequential Organ Failure Assessment (SOFA) scores.

Data extracted from the patients’ medical records included demographic, clinical, and 

laboratory data (creatinine and GFR). Demographic variables included age, sex, race/

ethnicity, and vital status (alive vs dead). Clinical data included type of malignancy, 

diagnoses of peripheral vascular disease and/or dementia, and consults for RRT and 
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palliative and hospice care. We specified the use of these variables based on a published 6-

month prognostic model for mortality of patients who are maintained on RRT and concluded 

that older age, dementia, peripheral vascular disease, and decreased albumin were 

independent predictors of poor survival.12 Hospital admission data included length of 

hospital stay, length of ICU stay, SOFA score, and disposition. The first albumin level 

obtained during the first 3 days of ICU admission was extracted from laboratory data.

Landmark Survival Analysis

We performed landmark survival analyses at landmark time points of day 2 and day 7, 

including only those patients who survived until the landmark time points. Patients who 

started receiving RRT within the landmark time point were classified as RRT, and patients 

who did not receive RRT within the landmark time point were classified as no RRT 

regardless of receiving RRT later. At each landmark time point, RRT and no RRT groups 

were identified. Patients can receive RRT at any time during their ICU stay, and RRT 

patients are guaranteed to survive at least until the time of RRT; this is known as the 

guarantee-time bias or the immortal time bias.13 Landmark analysis is used extensively in 

medical research to correct for this type of bias inherent in an analysis of time-to-event 

outcome between groups (in this study, RRT and no RRT) that were determined during study 

follow-up.14

Propensity Score Matching

Propensity scores were calculated to reduce the selection bias in comparison between RRT 

and no RRT patients, based on logistic regression models, including age at admission, 

baseline serum albumin, baseline creatinine, baseline GFR, and maximum baseline SOFA. 

Using propensity scores in RRT (treated) and no-RRT (control) groups, we selected 

propensity score-matched no RRT patients, utilizing “greedy nearest neighbor matching,” 

which selects the control unit nearest to each treated unit sequentially without replacements. 

At each landmark time point, we identified propensity score-matched cohorts. Propensity 

score-matched cohorts were examined in standardized differences and variance ratios to 

evaluate the performance of matching.

Statistical Analysis

Patient characteristics were summarized for 4 RRT groups (RRT started within 2 days, RRT 

started during 3-7 days, RRT started after 7 days of ICU admission, and no RRT during 

hospitalization), RRT and no RRT groups at each landmark analysis, and propensity score 

matched cohorts at each landmark analysis.

We conducted 2-day and 7-day landmark analyses including all patients who survived until 

the landmark time point. Then, propensity score-matched cohorts (RRT vs no RRT) were 

selected utilizing propensity score matching method described in the previous section.

Survival times from the landmark time points, survival from start of RRT, longer term 

survival from hospital discharge, and inpatient mortality (discharged alive vs dead) were 

obtained. Survival times were censored at last follow-up for patients who were alive. 

Multivariate Cox proportional hazards regression was used to explore the association of RRT 
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on survival times from the landmark time points using propensity score-matched cohorts. 

Inpatient mortality was explored using multivariate logistic regression model. Longer term 

survival from discharge to death was compared between RRT and no RRT during hospital 

stay, utilizing Cox regression model. P values less than .05 were considered significant. SAS 

9.4 (SAS Institute INC, Cary, North Carolina) was used for data analysis.

Results

Among 900 hospitalized patients with stage IV solid tumors and a diagnosis of AKI, 465 

had ICU visits during hospitalization, and 176 (20%) of them were treated with RRT. 

Baseline characteristics of the 465 ICU patients by RRT group are shown in Table 1. 

Patients who started RRT within 2 days from ICU had lower serum albumin level, higher 

creatinine, lower GFR, and higher SOFA score than the other RRT groups. The RRT started 

during 3- to 7-day group were comparable to RRT started within 2-day group in albumin 

level, GFR, and SOFA score. There were more males in RRT started later than 7 days of 

ICU admission group than other groups.

Landmark Survival Analysis

Among 465 ICU admitted patients, 39 were excluded from the 2-day landmark analysis, and 

156 were excluded from the 7-day landmark analysis because of death before landmark time 

or censoring (Figure 1). In the 2-day landmark analysis, 426 patients were included, and 89 

patients received RRT and 337 did not receive RRT within 2 days. In the 7-day landmark 

analysis, 309 patients were included and there were 82 received RRT and 227 did not receive 

within 7 days.

Patient characteristics of RRT and no RRT groups and propensity score-matched cohorts at 

2-day landmark analysis are presented in Table 2, respectively, and patient characteristics of 

RRT and no RRT groups and propensity score-matched cohorts at 7-day landmark analysis 

are presented in Table 3, respectively. Significant differences were observed between RRT 

and no RRT groups in most variables, except age (Tables 2 and 3). After propensity score 

matching, there were no significant differences in variables used for propensity scores by 

standard mean difference and variance ratio, indicating the success of matching (Tables 2 

and 3). Significant differences were observed between dialyzed and nondialyzed patients in 

most variables, except age.

Landmark survival analyses using all RRT and no RRT groups at the landmark time points 

(Table 4) and landmark survival analyses using propensity score-matched cohorts at the 

landmark time points are presented (Table 4). When age, baseline serum albumin, baseline 

creatinine level, baseline GFR, and maximum SOFA score were adjusted, RRT was not 

significantly associated with survival times from the landmark time point at each landmark 

(hazard ratio [HR] = 1.211 [95% CI: 0.879-1.669] at day 2; HR = 0.917 [95% CI: 

0.620-1.356) at day 7]). Among 465 ICU patients, 276 (59.3%) died in the hospital; 66 

(14.1%) were discharged on hospice, while 123 (26.5%) were discharged alive. Palliative 

care consultation was only obtained for 1 patient in the study population. Among 176 

receiving RRT, 130 (73.8%) died in the hospital versus 146 (50.5%) of 289 without RRT 

died in the hospital. The median survival after ICU admission was 13 days in no RRT 
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patients (Figure 2A). Among 176 patients who received RRT, the median time to RRT was 2 

days (with the minimum of 0 and the maximum of 85 days), the median hospital survival 

after RRT was 5 days, and the median survival after RRT was 8 days (95% CI: 6-11 days). 

There was one patient who survived 3316 days after RRT. At day 14 from RRT, 38% were 

alive. At day 60 from RRT, 17% were alive (Figure 2B).

Inpatient Mortality and RRT

The association between inpatient mortality (died in the hospital as compared with 

discharged alive) and RRT (RRT vs no RRT) was explored using a multivariate logistic 

regression model. Of 465 patients, 176 had RRT versus 289 did not during the 

hospitalization. When baseline maximum SOFA score and baseline albumin level were 

adjusted, RRT was not significantly associated with inpatient mortality (OR: 1.004 [95%CI: 

0.598-1.684], P = .9892; Table 5). When we excluded patients who started RRT later than 7 

days from ICU admission and adjusted for baseline serum albumin and maximum SOFA 

score, RRT was not significantly associated with inpatient mortality (OR: 0.803 [95% CI: 

0.447-1.441], P = .4618; Table 5).

Impact of RRT on Long-Term Survival After Hospital Discharge

Among 189 patients who were discharged from the hospital alive, 46 received RRT and 143 

did not during their hospital stay. Including these patients, the effect of RRT on longer term 

survival after discharge was evaluated. Renal replacement therapy was not associated with 

long-term survival after discharge (HR = 0.898 [95% CI: 0.622-1.297], P = .5652) with the 

median longer term survival after discharge being 41 days for RRT and 42 days for non-RRT 

patients (Figure 3).

Discussion

After accounting for baseline maximum SOFA score and baseline albumin level, our results 

indicate that the use of RRT in stage IV solid tumor patients with AKI admitted to the ICU 

was not associated with better or worse survival. The inpatient mortality of ICU patients 

who received RRT was 51% and of those who did not 52% with a mean serum albumin of 

2.8 and maximum SOFA score of 13. However, RRT was not significantly associated with 

survival after discharge from the hospital, where the difference of 1 day in median survival 

was noted between patients who received RRT and those who did not.

Stage IV solid tumor patients have a higher mortality than those with stage I to III disease, 

and mortality is further increased when kidney failure is a comorbidity. With advancements 

in cancer treatments, we have been able to prolong life, but the appropriateness of measures 

such as RRT is questioned when prolongation of dying incurs substantial emotional and 

financial expense.

Renal replacement therapy was also associated with a longer length of stay in the hospital 

with a median of 14 days when compared to the median of 11 days for patients who did not 

receive RRT. In a prospective study of 975 patients with all types of malignancies admitted 

to an ICU, patients who required RRT had worse survival than patients who did not.15 The 

study also demonstrated that kidney failure (HR = 1.77), performance status, the presence of 
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uncontrolled cancer, and number of organs with failure were independent predictors of poor 

survival.15 The findings of our study of ICU patients are consistent with these findings in 

which our ICU patients’ median survival (after hospital discharge) only differed by 

maximum of 1 day in the RRT group versus no RRT group. Since almost half of our study 

cohort had been in the ICU, we sought to investigate the role of RRT in the ICU by 

controlling for intensity of illness using the SOFA score. We found that the patients with 

higher SOFA scores were more likely to receive RRT, which made sense because SOFA 

scores include renal failure. In a recent prospective cohort of 499 patients of patient older 

than 65 years of age admitted to an ICU, 361 patients who were offered RRT. The study 

conclusions were consistent with our findings in which the 90-day mortality was similar in 

patients who did and did not receive RRT.16

There has been increasing research and interest in creating tools to guide nephrologists in 

deciding on the appropriateness of offering RRT in patients with a poor prognosis. The 

Renal Physicians Association and the American Society of Nephrology published a clinical 

practice guideline, Shared Decision Making in the Appropriate Initiation of and Withdrawal 
from RRT, in 2000, which was later updated with a second edition in 2010.17 The guideline 

recommends a shared decision-making approach in which the physician and patient agree on 

a specific course of action based on a common understanding of the patient’s values, overall 

condition, prognosis, treatment goals and risks, and benefits of the chosen course compared 

to reasonable alternatives.18 With the increasing appreciation of the role of palliative care, a 

palliative approach to RRT has also been discussed, with the goals of promoting comfort, 

respecting patients’ wishes, improving quality of life, and reducing the discomfort 

associated with RRT.11 Using patients’ comorbidities, investigators have come up with 

prognostic tools to assist nephrologists and others in making decisions about initiating RRT.
2,19,20 The use of the “surprise” question—“Would I be surprised if this patient died in the 

next year?”—has been used and validated in a study by Moss et al; the unadjusted odds of 

dying within 1 year for patients with end-stage renal disease in the “No, I would not be 

surprised” group were 3.5 times higher than for patients in the “Yes” group.21

Our study showed that RRT for AKI was not associated with increased survival in patients 

with advanced cancer. These findings support the usefulness of creating similar prognostic 

tools for patients with AKI and comorbidities including cancer to help guide patients, 

oncologists, and nephrologists in shared decision-making discussions prior to reaching 

agreement about the initiation of RRT. If RRT is started in such a patient, then it should be 

with a clear understanding by all parties involved of the likely high associated hospital 

mortality. For cases in which the patient’s outcome is uncertain, a time-limited trial of RRT 

can be implemented with agreed upon parameters in advance to establish whether the trial 

has been successful at its conclusion.22 The role of specialist palliative care physicians in 

such a situation could be very helpful to guide the decision-making.23 Palliative care 

consultation was underutilized in our study with less than 1% of our study population 

receiving a palliative care consult. This is even a lower percentage of palliative care 

consultations for AKI than that has been recently reported in the large 2012 National 

Inpatient Sample in which there were palliative care consultations for 8% of patients with 

AKI.24 Of the 41.6% patients who died during the hospitalization, 21% of the patients had 

hospice as their final discharge disposition.
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Although there is evidence supporting the poor prognosis of patients with AKI undergoing 

RRT, the outcomes of RRT specifically in patients with advanced solid-tumor cancer have 

not been studied previously. Our study contributes this information to the literature and notes 

the particularly high hospital mortality of patients with advanced cancer having AKI in the 

ICU. With the increasing costs of medical care for patients with cancer and the longer 

survival of these patients, the cost of cancer care in the United States in 2010 was 

approximately $124.6 billion and is projected to increase by 27% to $157.77 billion in 20 

20.25 In a recent study by Manzano et al, studying the rate of unplanned hospitalizations in 

Texas residents aged 66 years or older and initially diagnosed with gastrointestinal cancer 

between 2001 and 2007 (n = 2944), the most common noncancer reason for unplanned 

hospitalization was fluid and electrolyte disorders, affecting 8.3% of the patients.26 In 

another study by Obermeyer et al of Medicare fee-for-service beneficiaries with poor-

prognosis cancer, those receiving hospice care compared to those not receiving hospice care 

had significantly lower rates of hospitalization, ICU admission (HR = 2.4, 95% CI: 2.3-2.5), 

and invasive procedures (RRT HR = 3.6, 95% CI: 3.1-4.2) at the end of life, along with 

significantly lower total costs during the last year of life.27 These studies indicate the 

significant cost attributed to the use of RRT at the end of life, and the potential cost savings 

if RRT that does not improve survival is not provided. We will be using data from this study 

to conduct a cost analysis in the near future.

A limitation of this study is its retrospective nature; however, we tried to overcome this 

shortcoming by performing propensity score-matched landmark analysis, matching for 

known significant predictors of poor mortality (including albumin, GFR, SOFA scores, and 

timing of RRT from the time of ICU admission).

Conclusions

Our study demonstrates that RRT for AKI in the ICU was not associated with worse hospital 

survival in patients with solid tumor stage IV cancer. Moreover, in the context of comparable 

longer term survival after hospital discharge in patients who did and did not receive RRT, 

there is the question of the impact on quality of life and suffering that these patients were 

subjected to at the end of life. Our findings will enable patients with stage IV cancer having 

AKI who are admitted to the ICU, their families, and their physicians to make a more 

informed decision about whether to proceed with RRT and other treatment options. Our 

study also demonstrates the low utilization of specialist palliative care physicians who can 

be most helpful by facilitating goals-of-care discussions when a patient with a serious illness 

such as stage IV cancer with AKI is admitted and decisions need to be made about RRT and 

other intensive procedures. Knowing the poor prognosis associated with RRT for AKI in the 

ICU, we advocate for a more comprehensive outpatient advance care planning process for 

patients with stage IV cancer that would identify the level of medical intervention that the 

patient would want to undergo in the event of future severe illness, including possible 

intensive treatments such as RRT.28,29
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Figure 1. 
Flowchart of study population.
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Figure 2. 
A, Overall survival (OS) for no renal replacement therapy (RRT) patients. Median survival 

for no RRT patients: 13 days. B, Kaplan-Meier curve of OS since initiation of RRT for RRT 

patients. Median survival from start of RRT for RRT patients: 8 days.
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Figure 3. 
Kaplan-Meier curves of survival since discharge by renal replacement therapy (RRT) for 

patients discharged from the hospital. Median survival since discharge for RRT patients: 41 

days. Median survival since discharge for no RRT patients: 42 days.
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Table 4.

Landmark Survival Analysis on Survival Time From ICU Admission to Death.

Hazard Ratio (95% CI) P Value

2-day landmark analysis using RRT and no RRT groups

 RRT vs No 1.153 (0.882-1.506) .2979

 Age at admit 1.000 (0.992-1.007) .9389

 Baseline serum albumin level 0.781 (0.665-0.916) .0024

 Baseline creatinine level 1.014 (0.967-1.064) .5585

 Baseline eGFR value 0.998 (0.994-1.001) .2493

 Baseline Max SOFA 1.053 (1.030-1.076) <.000l

2-day landmark analysis using propensity score-matched cohorts

 RRT vs No 1.211 (0.879-1.669) .24l3

 Age at admit 0.998 (0.987-1.009) .6925

 Baseline serum albumin level 0.775 (0.598-1.004) .0536

 Baseline creatinine level 1.024 (0.955-1.099) .5053

 Baseline eGFR value 1.001 (0.993-1.009) .8497

 Baseline Max SOFA 1.058 (1.0l5-1.103) .0082

7-day landmark analysis using RRT and no RRT groups

 RRT vs No 0.911 (0.660-1.256) .5678

 Age at admit 1.001 (0.993-1.010) .8l43

 Baseline serum albumin level 0.805 (0.666-0.974) .0256

 Baseline creatinine level 1.032 (0.982-1.085) .2l28

 Baseline eGFR value 1.001 (0.997-1.004) .7290

 Baseline Max SOFA 1.043 (1.0l3-1.073) .0046

7-day landmark analysis using propensity score-matched cohorts

 RRT vs No 0.917 (0.620-1.356) .6636

 Age at admit 1.005 (0.99l-1.019) .4620

 Baseline serum albumin level 0.797 (0.594-1.068) .1283

 Baseline creatinine level 1.028 (0.928-1.139) .5966

 Baseline eGFR value 0.999 (0.990-1.008) .8380

 Baseline Max SOFA 1.054 (0.997-1.115) .0650

Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; ICU, intensive care unit; RRT, renal replacement therapy; SOFA, 
Sequential Organ Failure Assessment.
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Table 5.

Multivariate Logistic Regression Model on Hospital Death.

Odds Ratio 95% CI P Value

All patients

 RRT vs No 1.004 0.598 1.684 .9892

 Baseline serum albumin level 0.621 0.448 0.861 .0042

 Baseline max SOFA 1.225 1.161 1.293 <.0001

All patients excluding patients who started RRT later than 7 days from ICU admission

 RRT vs No 0.803 0.447 1.441 .4618

 Baseline serum albumin level 0.618 0.439 0.869 .0057

 Baseline max SOFA 1.247 1.175 1.323 <.0001

Abbreviations: CI, confidence interval; ICU, intensive care unit; RRT, renal replacement therapy; SOFA, Sequential Organ Failure Assessment.
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