
Clinical Value of Bioimpedance during Long-Term Cancer Therapy

Abstract
This case report describes the use of bioimpedance spectroscopy 
(BIS) to monitor changes in hydration status and cellular function 
in a 73-year-old male patient with non-small cell lung cancer 
(NSCLC) undergoing a 12-week immunotherapy course. The 
parameters monitored were phase angle (PA), impedance ratio 
(IR), and cell membrane capacitance (Cm). 

At week 1, the patient weighed 72.6 kg and with a PA of 4.2 
degrees, an IR of 0.85 (no unit), and a Cm of 1.21 nanofarad (nF), 
all outside reference ranges. Throughout treatment, biompedance 
parameters were measured weekly. By week 12, body-weight had 
increased to 75.3 kg, PA to 4.8 degrees, IR to 0.82, and Cm to 
2.01 nF, within or close to the mean ± SD ranges seen in healthy 
controls. 

BIS can non-invasively provide measurements of changes in 
hydration status and cellular function on a routine basis in the 
clinical setting. Continuous monitoring of these parameters may 
be useful as an adjunct to assess response to immunotherapy 
treatment of cancer patients. However, to assess the full clinical 
potential of these parameters in patients with NSCLC and 
generally, in patients with cancer, a study with a larger number of 
participants is required.

Introduction
Lung cancer is a leading cause of cancer-related deaths in men 
and women worldwide [1]. In the oncology community, there 
is a growing interest in understanding how body composition 
measures can improve cancer treatment and survival for the 18.1 
million individuals diagnosed with cancer every year [2]. Since 
there is no “gold standard” for body composition determination 
in cancer patients [3], clinicians typically use body-weight and 
body mass index (BMI) routinely in the clinical setting. However, 
they are recognized as being insufficient as measures of body 
composition change [2]. A recognized problem in cancer patients 
is the rapid loss of fat-free mass (FFM), a loss that is linked to 
morbidity following cancer treatment [4], the effect of cancer 
treatment [5], and survival [6,7]. Loss of FFM may be masked 
by stable body-weight or weight gain [8], and in cancer patients 
experiencing treatment-related body-weight loss, body-weight 
gain during or after recovery may be characterized by an increase 
in fat mass (FM) rather than FFM [9].

One method that may prove useful for routine body composition 
determination in cancer patients is bioelectrical impedance 
analysis (BIA). BIA is a commonly used method in clinical studies 
since it is non-invasive, inexpensive, simple, quick, and uses 
portable instrumentation [10]. BIA uses prediction equations 
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to estimate body composition parameters such as FFM and 
FM. However, these equations are often limited by the general 
assumption that the composition and density of the FFM are 
stable among subjects, which is generally untrue due to vast 
differences in age, sex, ethnicity, and clinical state, e.g., cancer 
[11]. Consequently, the scientific community has a growing 
interest in using BIA parameters based on raw impedance data as 
alternatives to prediction equations [12–15]. 

In brief, BIA measures the opposition (impedance, Z) to an applied 
alternating current while passing through the body. Impedance 
consists of two components: resistance (R), which is the 
opposition to the flow of current through intra- and extracellular 
ionic solutions, and capacitive reactance (XC), which is caused 
by the capacitance of cell membranes and tissue interfaces. In 
addition, cell membrane capacitance is also reflected by the 
phase angle (PA) due to the delay between voltage and current 
flow through tissues. 

Phase angle (PA) is the most commonly used raw impedance 
parameter [16] and is regarded as a biological marker of cellular 
health, reflecting body cell mass (BCM), membrane integrity, and 
the hydration status of FFM [17,18]. In various patient groups, 
the parameter has proven to predict later morbidity and mortality 
[10,19] and is considered a surrogate for FFM [20]. A second 
parameter is impedance ratio (IR), the ratio of resistances at 
different current frequencies, which has been proposed as a 
potential indicator of edema, pre-clinical cardiovascular disease 
[21], and overall health [12], a predictor of mortality in hemodialysis 
patients [22] and to reflect the fluid distribution between the intra- 
(ICW) and the extracellular water (ECW) [12]. A third parameter 
is cell membrane capacitance (Cm), a parameter that is directly 
linked to cell membrane function [23], but has been studied only to 
a limited extent [14,24,25].

This case report describes the use of BIA raw bioimpedance 
parameters as indices of changes in hydration status (PA, IR) and 
cell membrane function (PA, Cm) in a cancer patient following a 
12-week immunotherapy course.

Case Presentation
The patient was a 73-year-old male smoker (height = 1.89 m) 
admitted for lung examination in October 2019 at The Department 
of Respiratory Diseases and Allergy at Aarhus University Hospital, 
Denmark, because of prolonged cough and mild cough fatigue. In 
November 2019, the patient was diagnosed with non-small cell 
lung cancer (NSCLC) in the left lung lobe, metastases in the right 
kidney and the pancreas, as well as in mediastinal lymph nodes. 
Furthermore, the patient was informed that the disease was 
incurable but that the cancer could be treated to help manage 
symptoms or slow the progression of the disease.

From November 2019 to July 2020, the patient received three 
different types of treatments, as described below, at the 
Department of Oncology, Aarhus University Hospital, Denmark. 

The effect of each treatment was followed-up by Computer 
Tomography (CT) scans of the thorax and the upper abdomen 
and blood tests.

The patient’s first treatment was Alectinib (Alecensa, Roche 
Holding AG), which is used for patients with anaplastic lymphoma 
kinase (ALK +), NSCLC that has spread to other parts of the body. 
After a 12-week course, the treatment was not successful, as 
the disease had progressed partly concerning the lung’s primary 
tumor and lymph nodes in the mediastinum and the right kidney 
tumor and metastasis in the pancreas. In addition, two new 
metastases in the right adrenal gland and two further metastases 
in the right kidney had appeared. No liver or bone metastases.

The patient’s second treatment was chemotherapy given in a 
combination of Carboplatin given IV (Accord Healthcare Limited, 
UK) and Vinorelbine given as capsules (Accord Healthcare 
Limited, UK) in a 12-week course. After completing treatment, CT 
scans showed a further progression of the disease in the places 
described above. 

Thirdly, as a consequence of the lack of effect from the two 
previous treatments, the patient was admitted to a 12-week 
immunotherapy course with Pembrolizumab (Keytruda, Merck 
Sharp, and Dohme BV) given every three weeks (week 1, week 4, 
week 7, and week 10). Results from CT scans indicated that the 
treatment had a positive effect on the cancer, showing that the 
disease was at rest, no new cancer had occurred, and there were 
places where cancer had been reduced in the size of the nodules.

A Xitron 4200, HYDRA bioimpedance spectroscopy (BIS) device 
(Xitron Technologies, San Diego, CA, USA), was used for whole-
body impedance measurements (taken in triplicate), with skin 
surface electrodes located at the right wrist and ankle as described 
previously [26]. Body-weight was measured wearing underpants 
and a t-shirt on a digital scale. All measurements were performed 
by SB, who has extensive experience with the bioimpedance 
technique. Measured bioimpedance data were analyzed according 
to Cole theory [27] using Bioimp Version 5.4.0.3 (ImpediMed, 
Brisbane QLD, Australia). The raw bioimpedance parameters 
provided were:

1. Resistance (ohm) at zero (RE) and infinite frequencies (RINF); 
indices for ECW and total body water, respectively.

2. PA50 (degrees), the phase angle at the standard frequency of 
50 kHz, calculated from the resistance (R50) and capacitive 
reactance (Xc50) and measured at this frequency.

3. IR200/5 (no unit), calculated as the ratio between resistances 
measured at frequencies of 200 (R200) and 5 kHz (R5), which 
is the standard pair of frequencies for IR reporting.

4. Cm (nanofarad, nF), calculated from RE (resistance of 
the ECW), RI (resistance of the ICW), and at the so-called 
characteristic frequency (ƒc), the frequency of maximum 
capacitive reactance (XC).

Data measured in the patient were compared with data available 
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[21] for a cohort of 206 healthy Danish males (mean age: 71.7 
years, height = 172.2 ± 6.3 cm, weight = 79.1 ± 11.6 kg, BMI = 
26.6 ± 3.5 kg/cm2) and reference values from the literature [28,29], 
which matched the patient’s age and sex.

The case report was performed in accordance with the Helsinki 
Declaration and was approved by the Central Denmark Region 
Committees on Health Research Ethics (case number: 1-10-72-
181-20) and the Danish Data Protection Office (case number: 
2015-41-3942).

(Table 1) summarizes patient characteristics and blood tests 
collected during the immunotherapy course. The patient presented 
with historically low body-weight (72.6 kg) at week 1, no energy, 
no appetite, weakness, and paleness. Three months of clinical 
care led to an increase of 3 kg in body-weight, an improvement 
in energy level and appetite, and a return of normal skin color; 
however, without being cured of the cancer. These changes were 
reflected by improvements in the patient’s blood test results, 

notably hemoglobin and leucocyte concentrations (Table 1), and 
a general reduction of the cancer burden shown by follow-up CT 
scans.
The trajectories of bioimpedance parameters are presented in 
(Table 2). Data for the three key parameters of this report (PA50, 
IR200/5 and Cm) are summarized below and presented graphically 
in (Figure).

From week 1 to week 12, PA50 increased from 4.2 degrees to 4.8 
degrees (Table 2), approaching the mean ± SD range for healthy 
controls (5.4 ± 0.6 degrees; Table 2 and Figure a), but with deviation 
from reference values (6.19 ± 0.97 degrees; Table 2) [29]. 

IR200/5 decreased from 0.85 to 0.82 (no unit), with a range of 0.82–
0.86 (mean 0.84) (Table 2). These values approached healthy 
controls’ mean ± SD range (0.80 ± 0.02; Table 2 and Figure b). 

Cm increased from 1.21 nF to 2.01 nF over the twelve weeks of 
treatment (Table 2), achieving the mean ± SD range of the healthy 
controls (2.4 ± 0.6 nF; Table 2 and Figure c).

Table 1: Patient characteristics and blood tests.
Parameter/weeks 0 1 2 3 4 5 6 7 8 9 10 11 12

Weight (kg) 71.0 72.6 72.3 71.4 71.4 72.3 73.7 74.0 74.0 74.2 74.5 74.6 75.0

BMI (kg/m2) 19.9 20.3 20.2 20.0 20.0 20.2 20.6 20.7 20.7 20.8 20.9 20.9 21.0

Haemoglobin (mmol/L) 6.0 6.9 7.2 7.6 8.0

Leucocytes (10^9/L) 12.4 12.3 7.1 6.85 7.44

Thrombocytes (10^9/L) 130 385 231 224 274

Albumin (g/L) 32 34 35 36 36

eGFR (mL/min) > 90 86 88 89 85

Potassium (mmol/L) 4.6 4.4 4.8 4.2 4.3

Creatinine (µmol/L) 56 76 72 70 78

Sodium (mmol/L) 137 138 140 140 140

C-reactive protein (mg/L) 33.9 6.0 < 4.0 < 4.0 4.5

BMI: body mass index; eGFR: estimated glomerular filtration rate; 0: blood tests made after completion of chemotherapy, one week before initiation of the immunotherapy 

treatment; 3, 6, 9 and 12: blood tests made during the immunotherapy course.

Normal ranges of blood tests: Haemoglobin (8.3 mmol/L–10.5 mmol/L); Leucocytes (3.5–10.0 x 109/L); Thrombocytes (145–350 x 109/L); Albumin (34 gL–45 g/L); eGFR 

(> 60 mL/min); Potassium (3.5 mmol/L–4.6 mmol/L); Creatinine (60 µmol/L–105 µmol/L); Sodium (137 mmol/L–145 mmol/L); C-reactive protein (< 8.0 mg/L). Numbers in 

italics are out of normal range.

Figure: Changes in bioimpedance parameters during the immunotherapy course.

PA50: Phase angle measured at 50 kHz; IR200/5: Impedance ratio (200 and 5 refer to frequency). Cm: Cell membrane capacitance (nanofarad, nF). 

Data value.

Trend line fitted using local regression smoothing (LOESS) smoothing with 99% span.

Mean for age-matched healthy controls [36].

Hatched area represents mean ± SD for age-matched healthy controls [36].
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Discussion
This case report shows the clinical potential of using raw 
bioimpedance parameters in an NSCLC-patient undergoing a 
12-week immunotherapy course. Such data may be used as 
physiological indices of hydration status (PA50, IR200/5) and cellular 
health (PA50, Cm), especially in cancer patients undergoing a long-
term course of treatment. In addition, the data may prove to be 
important in the overall assessment and treatment of cancer 
patients. Furthermore, bioimpedance can be useful as an early 
biomarker of drug resistance, as seen in cancer therapy [30]. Data 
were collected from a whole-body BIA approach, with electrodes 
placed on hand and foot, where measurements represent average 
values of all cells along the conductive path (wrist to ankle). During 
the immunotherapy course, the patient experienced a general 
improvement in well-being supported by blood tests within normal 
ranges, CT scans that showed that the cancer was in rest or even 
diminished, and bioimpedance data approaching or reaching 
normal ranges. Among the bioimpedance parameters analyzed, 
changes in PA50 and Cm during the immunotherapy course were 
more marked than IR200/5. This may be explained by the fact 
that IR200/5 is a fully resistive parameter, i.e., related specifically 
to body water changes rather than cell structure and function. 
During treatment, the values of all three parameters approached 

the reference ranges from healthy controls or the literature. This 
suggests that the cancer patient initially experienced imbalances 
in hydration status and cellular functioning, but that treatment 
ameliorated these adverse changes. Imbalances in cellular 
functioning may be supported by previous findings showing that 
cancer cells have different electrical properties than the normal 
tissues surrounding them [31]. While BIA has been used previously 
in cancer patients, most studies have focused on using prediction 
equations to predict FFM and FM [32]. The novelty of the present 
case report is the use of raw bioimpedance parameters in a 
cancer patient undergoing a long-term cancer treatment course, 
parameters that are free of the assumptions underpinning the 
prediction of FFM and FM [32]. In practice, electrical parameters 
reduce the measurement uncertainty of prediction equations 
and remove the requirement that the equations fit the examined 
patient group. Furthermore, tissue electrical properties (R, XC, and 
PA) measured by BIA are more predictive than body-weight loss of 
prognosis in lung cancer patients [33]. 

A disadvantage of the present approach is that a BIS or multi-
frequency BIA (MFBIA) device is required for measuring IR200/5 

and Cm, while single-frequency BIA (SFBIA) devices operating at a 
fixed frequency of 50 kHz are in more common clinical use [23,26]. 
Furthermore, such devices only allow the calculation of PA50 (most 

Table 2: Bioimpedance parameters measured during the immunotherapy course.
Parameter/
weeks

1 2 3 4 5 6 7 8 9 10 11 12 HC RV

PA50 
(degrees)

4.2
(0.0)

3.8
(0.0)

4.3
(0.0)

4.4
(0.0)

3.9
(0.0)

4.0
(0.0)

4.2
(0.0)

4.3
(0.0)

4.6
(0.0)

4.5
(0.0)

4.5
(0.0)

4.8
(0.0)

5.4 
(0.6)

6.19
(0.97)

IR200/5 (no 
unit)

0.85 0.86 0.84 0.84 0.86 0.86 0.85 0.84 0.83 0.84 0.84 0.82 0.80 
(0.02)

N/A

Cm (nF) 1.21 
(0.01)

1.07 
(0.00)

1.37 
(0.03)

1.48
(0.01)

1.22 
(0.01)

1.12 
(0.00)

1.54 
(0.02)

1.47
(0.02)

1.72 
(0.01)

1.77 
(0.11)

1.71
(0.01)

2.01
(0.02)

2.4
(0.6)

N/A

RE (ohm) 533.4 
(0.7)

485.8
(1.0)

509.2
(1.7)

514.7
(0.8)

500.0
(0.6)

502.5
(1.0)

497.8
(1.1)

522.2
(0.5)

509.5
(0.6)

509.2
(3.4)

530.8
(0.8)

557.3
(0.4)

596.4 
(71.0)

N/A

RINF (ohm) 399.7
(0.6)

376.1
(0.8)

378.3
(0.9)

377.7
(0.8)

382.8
(0.3)

383.1
(0.5)

363.3
(0.7)

380.4
(0.7)

366.7
(0.2)

361.5
(3.6)

384.7
(0.4)

388.4
(0.4)

421.1
(54.8)

N/A

R5 (ohm) 516.1
(0.7)

473.5
(1.0)

491.3
(0.8)

415.5
(0.2)

484.9
(0.4)

488.5
(0.9)

475.2
(0.9)

499.6
(0.2)

486.4
(0.5)

483.2
2.7

506.3
(0.7)

524.5
(0.7)

565.0 
(67.3)

N/A

R50 (ohm) 472.1
(0.8)

438.2
(0.8)

447.6
(0.2)

448.2
(0.2)

446.1
(0.3)

449.8
(0.8)

433.0
(0.7)

454.3
(0.1)

438.5
(0.4)

436
(1.6)

456.9
(0.7)

468.4
(0.9)

494.7 
(61.4)

N/A

R200 (ohm) 438.0
(0.7)

408.6
(0.7)

414.9
(0.2)

494.4
(0.5)

415.8
(0.8)

418.1
(0.7)

402.9
(0.5)

421.8
(0.2)

405.5
(0.3)

403.7
(1.9)

523.5
(0.5)

432.6
(0.8)

454.9 
(58.1)

N/A

RI (ohm) 1594.1
(3.0)

1664.4
(7.5)

1472.2
(26.4)

1412.1
(0.3)

1633.1
(3.9)

1614.2
(9.6)

1343.9
(8.4)

1401.0
(7.9)

1307.9
(4.8)

1246,6
(22.2)

1398.2
(7.9)

1274.4
(7.4)

1454.7 
(293.4)

N/A

XC(50) (ohm) 34.9
(0.0)

29.4
(0.1)

33.8
(0.3)

34.7
(0.1)

30.7
(0.0)

31.8
(0.1)

31.6
(0.2)

34.1
(0.1)

35.3
(0.1)

34.5
(0.2)

35.9
(0.1)

39.0
(0.0)

46.6 
(6.5)

N/A

ƒc (kHz) 61.7
(0.6)

69.3
(0.4)

58.3
(0.7)

56.8
(0.5)

61.2
(0.3)

67.0
(0.6)

56.1
(1.1)

56.3
(1.1)

50.7
(0.3)

51.5
(3.8)

48.2
(0.3)

43.3
(0.4)

34.2 
(5.2)

35-65

Data are means (SD); PA50: Phase angle measured at 50 kHz; IR200/5: Impedance ratio (200 and 5 refer to frequency); Cm: Cell membrane capacitance (nanofarad, nF); RE: 

Resistance of the extracellular water; RINF: Resistance calculated at infinity frequency, which represents resistance to an electric current flow in an electrolytic fluid when the 

current can flow in both the extra- and intracellular water, i.e. the total body water; R5: Resistance measured at 5 kHz; R50: Resistance measured at 50 kHz; R200: Resistance 

measured at 200 kHz; RI: Resistance of the intracellular water; XC(50): Capacitive reactance measured at 50 kHz; ƒc: Characteristic frequency (kilohertz, kHz).

HC: Healthy controls [36]; RV: Reference values from the literature;  PA50: [29];  ƒc: Cornish et al. [28]; N/A: Not available.
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often denoted “PA,” the 50 kHz frequency being implicit). 

To confirm the results of this case report, there is a need for a study 
with a larger number of cancer patients. Furthermore, to build 
upon the findings presented in this case report, a relevant study 
would evaluate changes in PA50, IR200/5, and Cm in malnourished 
cancer patients undergoing various nutritional interventions 
since malnutrition is a major problem in this patient group [34]. In 
addition, there are few reference values, stratified by age and sex, 
available in the literature for the impedance parameters used here, 
which is why data from healthy controls were included. Therefore, 
future studies should focus on preparing reference values so 
it becomes possible for clinicians to interpret measurements 
performed on cancer patients or other clinical patients. Finally, it 
should be emphasized that standardization of BIA measurements 
is important to ensure data quality and clinical acceptance of the 
technique [10,35]. 
 
Conclusion 
This case report demonstrates the potential of BIA and raw 
bioimpedance parameters to be biomarkers of changes in 
hydration status and cell function in cancer patients. Monitoring 
changes in these parameters may provide oncologists with 
important information about fluid balance and cell state changes 
during long-term cancer treatments, e.g., chemotherapy and 
immunotherapy. However, it is important to highlight that 
bioimpedance can only provide indications on some aspects of 
the quality of life of the cancer patient (e.g., the healthiness of 
the tissue), not the efficacy of the cancer treatment per se (e.g., 
whether metastases remain). At present, in routine practice, such 
information is typically inferred from the change in body-weight or 
BMI. Raw bioimpedance parameters are free of the assumptions 
underlying their use in prediction equations for body composition. 
Reference norms stratified by age and sex across the lifespan are 
required to increase clinical value and interpretation.
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