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Abstract. Acute kidney injury (AKI) in cancer patients 
may disrupt anticarcinogenic treatment and greatly increase 
associated mortality rates. The present study reported on the 
management of cancer patients with AKI and, from the nephro-
logic viewpoint, on the significance of fine volume control 
during the continuous renal replacement therapy (CRRT). 
The records of 117 cancer patients with AKI treated over 
three years were reviewed and their data were compared with 
those of 120 healthy controls. AKI was defined according to 
the Kidney Disease: Improving Global Outcomes criteria with 
serum creatinine levels determined on initial admission and 
for the diagnosis of AKI. CRRT with concomitant impedance 
cardiography (ICG) monitoring was performed in 79 patients. 
On average, AKI manifested as a 1.68±0.38-fold increase in 
serum creatinine within 10.2±5.7 days. The causes of AKI were 
diverse, with the major ones being nephrotoxic agents, hypo-
tension and obstructive nephropathy. Renal biopsy confirmed 
two cases of thrombotic microangiopathy, due to the use of 
interfon-α and sunitinib malate, respectively, and a third case 
of cast nephropathy caused by immunoglobulin D multiple 
myeloma. The patients were generally marantic and had compro-
mised cardiac function compared with the healthy controls. The 
CRRT prescription was discriminatingly optimized by the ICG 
parameters effecting discreet fluid balance, as the thoracic fluid 
content was significantly correlated with the ultrafiltration rate. 
By considering the causative mechanisms and applying subtle 
ICG-assisted volume control, the present study may thus help to 

improve the safety and efficacy of CRRT in cancer patients with 
AKI. In addition, it provided information to bring advances in 
onconephrology, a novel nephrological subspecialty field.

Introduction

Acute kidney injury (AKI) is a particularly common compli-
cation in cancer patients and associated with increased 
mortality (1). It may occur as a direct or indirect consequence 
of the cancer itself, its treatment or associated complica-
tions (2,3). Among the heterogeneous etiology, nephrotoxic 
AKI by chemotherapeutic drugs is one of the most frequently 
encountered in malignancies (4), whereas in rare cases, renal 
infiltration in chronic myeloid leukemia (CML) has also been 
reported (5). Under these circumstances, renal hypoperfusion 
further jeopardizes the patients to the development of AKI or 
more likely exacerbates it to full acute renal failure (ARF) (3). 

On the other hand, patients with AKI are predisposed to fluid 
overload, which may also increase mortality (6). Maintenance 
of an appropriate fluid balance is hence considered vital to the 
management of AKI in cancer patients, in which AKI usually 
emerges in the context of multiple organ dysfunction (7).

More recently, it has been shown that the presence of an 
underlying cancer alone should no longer deny the critically ill 
patients the chance of receiving continuous renal replacement 
therapy (CRRT) or other advanced life-support measures (8,9). 
Continuous venovenous hemodiafiltration (CVVHDF) with 
its dialysis component is thought to be the best option to 
treat ARF in cancer patients (10). CRRT, however, is not a 
panacea without concern. For instance, one obvious potential 
well-recognized hazard is overly aggressive fluid removal 
evoking hypotension, renal hypoperfusion, prerenal azotemia, 
and de novo renal injury or even ARF (11). An inaccurate 
volume assessment, if left unattended, may thus lead to the 
inappropriate implementation of therapy and the clinical 
consequence may be costly. Therefore, careful assessment of 
the fluid status prior to the initiation of and during CRRT is 
required. In this regard, impedance cardiography (ICG) is a 
subtle and non-invasive method of evaluating hemodynamic 
parameters (12) and ICG‑guided CVVHDF was of bona fide 
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value in a previous study by our group on the management of 
CML-associated ARF (5).

With increasingly complex cancer treatment protocols, 
novel antineoplastic drugs and a growing emphasis on AKI in 
cancer patients, onconephrology has evolved into a new field of 
nephrology (13). It is an intersection between nephrology and 
oncology, in which nephrologists are required to be familiar 
with the epidemiology, etiology and treatment of AKI in cancer 
patients. As such, this concept of onconephrology was put 
into practice and the present study reported on recent clinical 
experience in this novel sub‑specialty field of nephrology. The 
study also focused on three rare cases of biopsy‑confirmed 
AKI in patients with various types of malignancy.

Materials and methods

Subjects. The clinical records of 117 cancer patients with AKI 
that were either admitted or referred to the onconephrology 
unit between February 2014 and December 2016 at Hebei 
General Hospital, a tertiary medical center in Shijiazhuang 
(China), were reviewed. They were found to have irresectable 
tumors and 93 (79.5%) received chemotherapy. The onset of 
AKI was defined by the Kidney Disease: Improving Global 
Outcomes criteria (14). At the first presentation, laboratory 
tests were performed according to standard procedures, 
followed by electrocardiogram, echocardiography, renal 
ultrasound and other auxiliary examinations when deemed 
necessary. Patients with overt congestive heart failure were 
excluded. The estimated glomerular filtration rate (eGFR) 
was deduced from the modified version of the Modification 
of Diet in Renal Disease (MDRD) equation for Chinese 
individuals: eGFR=175 x Serum creatinine-1.234 x age-0.197 
(x0.79 for females). A total of 120 age-matched ‘healthy’ 
controls were recruited later during annual health examina-
tions. The term ‘healthy’ was introduced for the descriptive 
purpose against the existence of cancer. They went through 
an extensive work-up, including hematological screening 
tests, urinalysis, chest X-ray and the abovementioned exami-
nations. These subjects were non-diabetic without edema, 
free of cardiac and renal diseases, devoid of health prob-
lems requiring immediate medical attention and received 
voluntary referral ICG testing. Other selection criteria were 
similar to those in a previous study by our group (15). Data 
from these healthy controls were used for establishing the 
baseline impedance as well as the magnitude and duration 
of the change in pertinent parameters. The study protocol 
was approved by the institutional review board and written 
informed consent was obtained from all participants or their 
authorized kin.

Etiology of AKI. The cause of AKI was estimated collectively 
by three senior nephrologists. Depending upon the patient's 
condition and consent, ultrasound-guided percutaneous renal 
biopsy was performed under local anesthesia. The specimen 
was subjected to light, fluorescent and electron microscopy 
examinations. Immunofixation electrophoresis was used when 
multiple myeloma was suspected. During the fixation phase, 
antiserum was inoculated with the serum samples and the 
presence of monoclonal protein could be detected in the form 
of precipitant (16).

CRRT and ICG. In addition to the symptom-oriented treatments, 
79 patients accepted CRRT. It was performed with an Aquarius 
machine (Aquarius; Edwards Lifesciences, Maurepas, France) 
using polysulfone hemofilters (AV 600; Fresenius, Oberursel, 
Germany) through a provisional venous catheter. Substitution 
solutions were delivered pre‑filter at a rate of 35 ml/kg/h. The 
ICG (BioZ, CardioDynamics, CA, USA) was performed as 
previously described (5,12) during CRRT (initiation, for 5 h 
thereafter and cessation) and in the healthy controls. The ultra-
filtration was performed in a linear decreasing manner (17) and 
adjusted according to the ICG data, particularly the thoracic fluid 
content (TFC). To evaluate the utility of ICG in hemodynamic 
monitoring during the CRRT, the healthy controls and cancer 
patients were then stratified according to two ICG parameters, 
the stroke index (SI) and TFC. This generated a plot of four 
quadrants with the respective cut-off point for the SI and TFC 
as 35 ml/m2 and 35 kOhm-1.

Statistical analysis. Statistical analyses were performed with 
the SPSS package (version 19.0; IBM Corp., Armonk, NY, 
USA). Values are expressed as the mean ± standard deviation. 
Significantly skewed data were log‑transformed prior to the 
analysis. Analysis of variance with Bonferroni's post-hoc test, 
Student's t-test and the χ2 test were performed to assess differ-
ences between groups for continuous and categorical variables, 
respectively. Correlations were examined using Pearson's test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Epidemiology of AKI in cancer patients. The clinical profiles 
of the participants were listed in Table I. Comparing with the 
healthy controls, the cancer patients were in worse condition 
with a lower body mass index, hypotension, overt anemia, 
elevated serum creatinine (Scr), decreased eGFR, hypoalbu-
minemia and hypolipidemia. However, the Scr and eGFR were 
106.1±37.8 µmol/l and 76.4±22.1 ml/min/1.73 m2, respectively, 
in the cancer patients prior to the onset of AKI. On average, 
the increase of Scr was 1.68±0.38-fold within 10.2±5.7 days. 
Sites of primary malignancy are presented in Table II with 
the digestive, respiratory and hematological systems as the 
top three sites. As illustrated in Table III, the causes of AKI 
were diverse and the leading ones were nephrotoxic agents, 
hypotension (grouped with extracellular dehydration) and 
obstructive nephropathy.

Hemodynamic features prior to CRRT. Compared with the 
healthy controls (Table IV), the pre‑CRRT data of the patients 
presented a significantly higher heart rate, system vascular 
resistance index (SVRI), TFC and systolic time ratio (STR). 
Furthermore, markedly lower blood pressures, cardiac index 
(CI), SI and velocity index (VI) were recorded. The markedly 
decreased SI, VI and prolonged STR may indicate compro-
mised cardiac function of myocardial origin.

Evaluation of CRRT. CRRT was performed with individual-
ized ultrafiltration prescription in the light of the ICG data. 
Changes in the TFC were inversely correlated with the 
ultrafiltration rate (r=0.87, P<0.01; Fig. 1). In patients with 
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increased TFC, fluid was removed accordingly, while the 
other parameters were concurrently monitored. SI was 
significantly increased and SVRI decreased at 5 h after 
the initiation of CRRT. At the end of this procedure, the 
patients presented with major improvements, including 
increased systolic and diastolic blood pressure, CI, SI and 
VI, as well as reduced TFC and SVRI. Similarly, the central 
venous pressure was significantly decreased from 17.0±2.9 
to 11.0±4.1 mmH2O. The efficacy of the CRRT was then 
validated in Fig. 2. An SI>35 ml/m2 and TFC≤35 kOhm-1 was 
denoted as a hemodynamically stable group (Fig. 2A) and 
vice versa for the hemodynamically unstable one (Fig. 2D). 
The remaining two groups were deemed to have an inter-
mediate risk (Fig. 2B and C). In total, 70.0% of the healthy 

controls, 0% of the cancer patients prior to CRRT and 34.2% 
of them after the CRRT were in the stable group, whereas 

Table I. Clinical profiles between the healthy controls and cancer patients with acute kidney injury.

Parameter Healthy controls Cancer patients

Subjects  120 117
Age (years) 60.6±11.9 61.7±10.5
Gender (male/female) 80/40 76/41
Body mass index (kg/m2) 22.7±3.2 18.9±2.7a

Systolic blood pressure (mmHg) 132.7±13.3 112.1±20.8a

Diastolic blood pressure (mmHg) 79.0±12.5 63.1±15.2a

White blood cell count (x109/l) 7.3±2.1 8.5±3.7
Neutrophils (%) 69.7±10.6 76.7±23.1
Hemoglobin concentration (g/l) 136.7±16.2 89.3±14.5a

Glutamic pyruvic transaminase (IU)b 22.6±10.0 20.1±14.0
Serum creatinine (µmol/l)b 79.8±22.3 179.3±38.4a

eGFR (ml/min/1.73 m2) 109.3±10.5 35.0±21.2a

Serum potassium (mmol/l) 4.1±1.2 5.0±0.9
Fasting plasma glucose (mg/dl)b 95.9±15.0 87.2±16.4
Albumin (g/l) 45.3±4.5 25.9±5.3a

Total cholesterol (mmol/l) 6.74±1.43 3.49±1.00a

Triglycerides (mmol/l)b 2.78±1.20 1.37±0.81a

Fibrinogen (g/l)b 3.39±0.78 4.21±0.98

Values are expressed as the mean ± standard deviation or as n. Differences between the two populations were examined by the Student's t‑test 
or χ2 test when deemed appropriate. aP<0.05; blog‑transformed values used in the analysis. eGFR, estimated glomerular filtration rate.

Table II. Types of primary malignancy within the cohort.

Site/type of malignancy n (%)

Digestive system 51 (43.5)
Respiratory system 29 (24.8)
Hematology 15 (12.9)
Gynaecology 10 (8.5)
Urology 9 (7.7)
Miscellaneous 3 (2.6)
Total 117 (100)

Miscellaneous types include one case of gastric mesothelioma, 
hemangiopericytoma and unknown primany tumor.

Table III. Causes of acute kidney injury in the cancer patients.

Cause n (%)

Prerenal
  Capillary leak syndrome (interleukin-2) 1 (0.86)
  Drugs (ACEI, NSAIDs) 6 (5.13)
  Extracellular dehydration (diarrhea and vomiting) 10 (8.55)
  Hepatorenal syndrome 1 (0.86)
  Hypotension 21 (17.95)
  Sepsis 6 (5.13)
Renal
  Hypercalcemia 2 (1.71)
  Intravascular hemolysis 1 (0.86)
  Myeloma kidney 5 (4.27)
  Nephrotoxic agents 45 (38.46)
  Thrombotic microangiopathy 2 (1.71)
  Tumor infiltration 3 (2.56)
  Tumor lysis syndrome 3 (2.56)
Postrenal
  Ureteral or bladder outlet occlusion 11 (9.4)
Total 117 (100)

ACEI, angiotensin converting enzyme inhibitors; NSAIDs, non-steroid 
anti‑inflammatory drugs.
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the corresponding rates were 2.5, 84.8 and 32.9% in the 
unstable group, respectively. Of note, the differences between 
any two groups were significant among the control, pre‑and 
post-CRRT values.

Therapy‑induced thrombotic microangiopathy (TMA). TMA 
occurred in a patient with chronic myeloid leukemia at the end 
of 1 year of interfon-α therapy (Fig. 3A and B) and in a patient 
with gastric mesothelioma at the end of 6 months of sunitinib 
malate treatment (Fig. 3C and D). In each of the two cases, 
diffuse and severe endothelial damage with double contours 
and occlusion of capillary lumen was observed. Nodular 
expansion of mesangium was also seen (Fig. 3A and C). Each of 
the two patients was negative on immunofluorescence analysis 
(data not shown) and electron microscopy of the glomerular 
capillary wall revealed expansion of the subendothelial space 
by electron-lucent debris (Fig. 3B and D).

Cast nephropathy in immunoglobulin D myeloma. Analysis of 
bone marrow aspirate revealed 12.5% of plasma cells in a patient 
referred to us whom we later diagnosed with multiple myeloma. 
Based on the first biopsy he received elsewhere 3 months 
earlier, the patient was initially considered to have an ischemic 
lesion (Fig. 4A). The second biopsy was performed at our 
hospital and cast nephropathy was identified (Fig. 4B and C). 
Immunofixation electrophoresis then clearly detected immuno-
globulin (Ig) D and light chain λ precipitation (Fig. 4D).

Discussion

The present study identified that cancer patients may develop 
AKI when presenting with a decrease in Scr within a short 
period and a deterioration of the general condition is thought 
to enhance the susceptibility (4). The altered ICG parameters 
further revealed that AKI was accompanied by circulatory 
detriments, which improved substantially after CRRT. In 
addition, a change of TFC during CRRT was significantly 
correlated with the ultrafiltration rate. Furthermore, AKI was 

Figure 1. Association between ultrafiltation rate and percentage change of 
TFC during continuous renal replacement therapy. TFC, thoracic fluid content.

Figure 2. Utility of the impedance cardiography during the CRRT. Subjects 
were categorized into one of four hemodynamic quadrants according to SI 
and TFC. (A) SI >35 and TFC ≤ 35; (B) SI ≤35 and TFC ≤35; (C) SI >35 and 
TFC >35; (D) SI ≤35 and TFC >35. For each quadrant, the open, hatched 
and dotted columns represent the healthy controls, and cancer patients at 
the initiation and at the end of the CRRT, respectively. The number of the 
subjects was denoted on top of the individual columns. *P<0.05 vs. pre- or 
post-CRRT value; †P<0.05 vs. post-CRRT values. CRRT, continuous renal 
replacement therapy; TFC, thoracic fluid content; SI, stroke index.

Table IV. Hemodynamic parameters by impedance cardiography in healthy controls and cancer patients.

Parameter Healthy controls Pre-CRRT 5 h of CRRT Post-CRRT Normal range

n 80 79 79 79 -
HR (beats/min) 76.1±15.3 89.2±13.4a 85.8±11.5 83.1±10.1 58-86
SBP (mmHg) 136.0±21.8 110.6±23.1a 114.6±18.1 123.6±17.7b 100-140
DBP (mmHg) 77.6±12.2 61.5±17.3a 64.3±12.5 73.4±10.5b 60-90
CI (l/min/m2) 3.02±0.57 2.30±0.61a 2.58±0.46 2.87±0.55b 2.5-4.2
SI (ml/m2) 47.16±8.93 25.1±7.95a 30.0±7.2b 36.1±7.50b 35-65
SVRI (dyne.sec/cm5/m2) 1,573.5±332.3 2,934.8±908.8a 2,252.5±733.0b 1,901.3±401.6b 1,337-2,483
TFC (/kΩ) 35.30±7.71 53.5±11.9a 49.5±19.8 41.7±11.5b 30.0-50.0
VI (/1,000 sec) 47.62±12.76 28.7±5.3a 30.2±10.1 35.8±7.8b 33-65
STR 0.33±0.08 0.49±0.11a 0.45±0.13 0.38±0.17 0.30-0.50

aP<0.05 significantly different by unpaired t‑test between the healthy controls and cancer patients prior to CRRT. bP<0.05, significantly different 
by analysis of variance against the pre-CRRT values. CRRT, continuous renal replacement therapy; HR, heart rate; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; CI, cardiac index; SI, stroke index; SVRI, system vascular resistance index; TFC, thoracic fluid content; 
VI, velocity index; STR, systolic time ratio.
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more likely in patients with a malignancy of the digestive, 
respiratory and hematological system, in general agreement 
with a previous study reporting that patients with liver cancer 
and multiple myeloma were more susceptible to AKI (18).

The onset of AKI in cancer patients greatly increases 
the short-term risk of mortality (13). Furthermore, delayed 
nephrology consultation of patients with ARF is also asso-
ciated with increased mortality (19). At the same time, 
there is a paucity of information regarding the non-invasive 

hemodynamic monitoring of cancer patients with renal 
complications, particularly those requiring CRRT. The 
onconephrology unit, with higher competence in oncology 
and nephrology, may be called upon to services as recently 
advocated by Thajudeen and Salahudeen (20). In this respect, 
the present study may be of interest to clinicians in general and 
nephrologists in particular.

Cancer patients with AKI are often hemodynamically 
unstable (10). This was proved by the different ICG data 

Figure 3. Thrombotic microangiopathy in patients receiving (A and B) interferon-α or (C and D) sunitinib malate. (A and C) Representative light microscopy 
images demonstrating that the glomerulus presented with global thickening of the glomerular basement membranes by glassy eosinophilic material associated 
with segmental mesangial interposition. Nodular expansion of mesangium and occlusion of capillary lumens without mesangial hypercellularity was observed 
(magnification, x200). (B and D) Electron microscopy revealed swollen endothelium with wavy inner contours, expansion of the subendothelial space by 
electron lucent debris and loss of endothelial fenestrate (magnification, x2,000).

Figure 4. Cast nephropathy and serum immunofixation electrophoresis in IgD multiple myeloma. (A) Slightly corrugated capillary loop and turgescence of the 
capsule (magnification, x200). (B) Corrugated capillary loop and increased mesangium with glomerular hypercellularity (magnification, x100). (C) Formation 
of protein casts with interstitial infiltration of inflammatory cells (magnification, x100). (D) Immunofixation electrophoresis of serum revealed a restricted IgD 
and λ band. ELP, reference lane representing albumin, α-, β- and γ-globulin from the top down. IgD, immunoglobulin D.
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between the healthy controls and the cancer patients. Dynamic 
and vigilant monitoring of blood volume is thus conceivably 
imperative. The ICG could readily meet this requirement by 
yielding a broad panel of parameters that reflect blood flow, 
systemic vascular resistance, myocardial contractility and fluid 
status. While the empirical assessment of ultrafiltration using 
the dry weight is error-prone with a deviation of ~50% (21) and 
detection of non‑specific symptoms via small undulations of 
volume is far less sensitive, the good correlation of the changes 
in TFC with the ultrafiltration rate allows for ‘fine‑tuning’ the 
latter during CRRT. Combined with the SI, it may also be used 
for evaluating the outcomes of CRRT. After CRRT, the stable, 
intermediate and unstable groups each accounted for one third 
of the cancer patients. Their risk features indicated that these 
groups may respectively require close monitoring, further 
volume removal and extra CRRT sessions with possible 
isotropic agents. These combined analyses were hence prog-
nostically more powerful and discriminating than any clinical 
assessment considered alone. Careful interpretation of the data 
during CRRT may allow the clinician to detect the emergence 
of potentially adverse hemodynamic fluctuations, particularly 
during periods of apparent clinical stability, and optimize the 
ultrafiltration prescription.

A better understanding of the etiology of AKI in cancer 
patients may help expedite the diagnosis and treatment. 
The mechanisms of AKI in cancer are diverse in origin: 
Infiltration (22) and urinary tract obstruction (23) due to 
the cancer per se; acute tumor lysis syndrome (24) and 
nephrotoxicity (25) caused by the treatment; sepsis (2) and 
hypercalcemia (26) associated with severe complications. 
With rapid advances in cancer therapy, chemotherapy-induced 
AKI has drawn increasing attention (4). Indeed, AKI may 
occur in up to 30% of cancer patients receiving cisplatin (27). 
The diversity in the etiology was exemplified in the cases of 
the present study. Of note, chemotherapy was not only the 
leading cause of AKI in the cohort of the present study, but 
was observed in nearly one half of the patients who received 
anticancer treatment (45 out of 93). This high prevalence may 
be due to the fact that a lesser amount of patients without 
AKI were followed up. As modern oncology has been rapidly 
turning into a multidisciplinary service, clinicians should be 
familiar with these cancer-associated aspects prior to making 
appropriate prophylactic and therapeutic decisions.

The present study observed three biopsy‑confirmed rare 
cases: TMA in a patient with CML taking interfon-α and in a 
patient with gastric mesothelioma taking sunitinib malate. The 
mechanisms by which interfon-α induced TMA remain elusive 
but are thought to be an immune-mediated process (28). It is 
noteworthy that the underlying CML may also be contribu-
tory, since chronic hepatitis C patients receiving interfon-α 
seldom develop TMA. Sunitinib malate is a novel tyrosine 
kinase inhibitor that simultaneously abrogates the function of 
nitric oxide synthetase and vascular endothelial growth factor 
(VEGF). The action of VEGF‑targeted therapy may impair 
the integrity of renal endothelium and lead to the resultant 
TMA. In both cases, double contours and nodular expan-
sion of mesangium may be seen, indicating rather chronic 
changes. Therefore, close monitoring of renal function should 
be mandatory, particularly in patients on long-term inferton-α 
use or VEGF inhibition.

AKI caused by lymphomatous infiltration of the kidneys, 
cast nephropathy in multiple myeloma or tumor lysis syndrome 
are unique to the cancer population. IgD multiple myeloma 
represents ~2% of multiple myeloma cases with an incidence 
of renal involvement of 70% (29). By contrast, these numbers 
in IgG multiple myeloma are 59 and 15%, respectively. Patients 
are usually younger than those with IgG or IgA myeloma and 
are more likely to present with nonspecific systemic symp-
toms, a more rapid progressive clinical course, a higher rate of 
extramedullary involvement and shorter survival time (30,31). 
Unfortunately, the majority of clinical laboratories do not 
include IgD in the initial workup of monoclonal gammopa-
thies (32). It is prudent for clinicians to test for IgD and IgE 
when cast nephropathy is suspected or serum light chain levels 
demonstrate a pronounced elevation without a corresponding 
up-shift of monoclonal IgG, IgA and IgM, as in the case of the 
present study.

In conclusion, the present study highlighted the fact that 
AKI in cancer patients may have different underlying mecha-
nisms, manifest as a discrepant volume status and require 
distinct fluid therapy. As such, the introduction of ICG may 
improve the safety and efficacy of CRRT in these patients, 
particularly those with a cardiac comorbidity. The establish-
ment of onconephrology may assuredly answer the challenges 
of expeditious diagnosis and effective management of cancer 
patients with AKI.
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