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Abstract

Purpose: To investigate the impact of Haejongdan (HJD), a modified Saireito, on the recovery of renal
function in cancer patients.

Methods: This retrospective study was conducted using data from Soram Korean Medicine Hospital,
Gangnam-gu, Seoul, Korea. A total of 166 patients with gastrointestinal, lung, breast, ovarian, thyroid
and other cancers, who orally received HJD (5 g twice daily) between December 2019 and February
2021, were divided into normal kidney function (n = 120) and reduced kidney function (n = 46) groups.
Comparisons were done based on the estimated glomerular filtration rate (eGFR) under 90 mL/min/1.73
m?. Glomerular filtration rate was estimated using CKD Epidemiology Collaboration equation (eGFR).
Blood urea nitrogen (BUN), creatinine, high-sensitivity C-reactive protein (hs-CRP) and chlorine levels
were also determined.

Results: Participants in the reduced kidney function group were older and had a higher baseline
creatinine, BUN, chlorine and lower eGFR. The 6-month follow-up evaluation of renal function-related
factors showed that most of the improvement in e GFR occurred in the reduced kidney function group.
However, in normal kidney function group, eGFR trend was significantly unchanged throughout the
study. In the reduced kidney function group, eGFR slope decreased before receiving HJD and
increased significantly (p < 0.0001) after receiving HJD. The hs-CRP level showed a decreasing
tendency after receiving HJD (p = 0.0005).

Conclusion: Haejongdan has some potential to prevent nephrotoxicity in patients with cancer,
especially those who have Renal insufficiency (RI). Further randomized, controlled study is necessary to
confirm the results.

Keywords: Renal insufficiency, Chemotherapy, Nephrotoxicity, Estimated glomerular filtration rate,
High sensitivity C-reactive protein, Saireito
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Cases of cancer patients with renal insufficiency
(Rl) are frequently encountered in clinical
practice [1]. Several studies have reported the
association between Rl and the reduction in
overall survival rate and an increase in cancer
death rate [2]. This is an important issue when
managing cancer patients using
chemotherapeutic drugs. About half of all
anticancer drugs are mainly excreted unchanged
or as metabolites in the urine [3]. Thus, any
decline in renal clearance may lead to an
overdose and potentially toxic accumulation. In
addition, studies have suggested that apoptosis,
necrosis, oxidative stress and inflammation in the
proximal tubules and collecting ducts are
involved in cisplatin-induced renal injury [4].

Saireito (Siryung-tang in Korea, Chai-ling-tang in
China), a herbal mixture, is composed of the
following 12 plants viz Bupleurum falcatum,
Alisma orientale, Atractylodes macrocephala,
Polyporus umbellatus, Poria cocos, Pinellia
ternata, Scutellaria baicalensis, Panax ginseng,
Glycyrrhiza glabra, Cinnamomum cassia,
Zizyphus jujuba and Zingiber officinale [5].
Saireito has been used to treat edema, diarrhea,
nephritis, and gastroenteritis [6,7]. In addition,
reports have shown the pharmacological
functions of Saireito to include anti-inflammatory
and anti-fibrotic effects [7]. Haejongdan (HJD) is
a modified version of Saireito lacking two
components viz Zizyphus jujuba and Zingiber
officinale. In this study, the impact of HJD on the
recovery of renal function in cancer patients was
investigated.

METHODS

Study population

This retrospective study was performed at Soram
Korean Medicine Hospital, Seoul, Korea. The
study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki [8]
and was approved by Korean Public Institutional
Review Board (approval no. P01-202110-21-
002). All cancer patients who orally received 5 g
of HJD twice per day, on average, between 1
December 2019 and 28 February 2021, were
screened for inclusion. The exclusion criteria
were as follows: patients with renal failure; and
patients who did not determine their creatinine
levels more than twice within the study period.

Finally, a total of 166 subjects with
gastrointestinal, lung, breast, ovarian, thyroid and
other cancer types were included. The patients
were divided into normal kidney function (n =
120) and reduced kidney function (n = 46)
groups and comparisons were done based on

the estimated glomerular filtration rate (eGFR)
under 90 mL/min/1.73 m2.

Renal function-related factors

Glomerular filtration rate (GFR) was estimated
using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) Egs 1 - 4.

For women, if serum creatinine (Scr) < 0.7:
eGFR = 144(Scr/0.7)0329x(0.9934¢ _........ 1)

if Scr > 0.7: eGFR = 144(Scr/0.7)1209 x 0.993Age
............................. (2)

For men, if Scr < 0.9: eGFR = 144 x (Scr/0.9)-
0411x 0.993A% .. ............ (3)

if Scr > 0.9: eGFR = 144(Scr/0.9)-1209x0 993Age
.............................. (4)

where the unit of serum creatinine is in mg/dL [9].
Serum BUN and hs-CRP levels were also
determined at follow-up.

Statistical analysis

The patients’ characteristics and number of
events are presented as the mean * standard
deviation (SD) or numbers (%). The continuous
variables were compared using {f-test and
categorical variables were compared using Chi-
square (x?) test or Fisher's exact test as
appropriate. The generalized estimating equation
(GEE) was used to estimate the changes in renal
functions over time after taking HJD [10].

The difference in the renal function slope
trajectory between the normal kidney function
group and the reduced kidney function group
was also tested by GEE. The mean and
confidence interval over time were compared to
evaluate the trend of renal functions within each
group using graphical representation. As
subgroup analysis, a piecewise linear mixed-
effects was used to verify the changing trend of
eGFR and hs-CRP in the group that received
HJD and the reduced kidney function group [11].
Paired t-test was performed to determine
significant differences of eGFR and hs-CRP
between baseline and after 2 months.

A p-value less than 0.05 was considered
statistically significant. All statistical analyses
were performed using R statistical software
package (version 4.1.0; R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Trop J Pharm Res, November 2024, 23(11): 1866



Choi et al

Baseline characteristics of study participants

Table 1 shows the characteristics of the
participants according to their kidney function. A
total of 166 patients were enrolled comprising 46
patients (27.7 %) with reduced kidney function
and 120 patients (72.3 %) with normal kidney
function. The average age at the time of
receiving HJD was 49.9 + 9.9 years. Participants
in the reduced kidney function group tended to
have older age and higher baseline creatinine,
BUN, chlorine and lower eGFR. Sex, patient
history of diabetes or hypertension and other
blood test results were not significantly (p > 0.05)
different between the two groups. Chronic Kidney
Disease (CKD) stage was defined according to
Kidney Disease: Improving Global Outcomes
(KDIGO) GFR classification [12]. The normal
kidney function group showed a higher rate of
breast cancer (56.7 % vs 30.4 %, P = 0.004) but
there was no significant difference in other
cancer types.

Table 1: Baseline characteristics of the study participants

Trend analysis of renal function-related

factors

The generalized estimating equation (GEE)
linear regression modeling was performed to
estimate the slope difference of renal function-
related factors after receiving HJD between the
two kidney function groups (Table 2). Model 1
was adjusted for only baseline difference in
eGFR, creatinine, BUN and hs-CRP between the
two groups as appropriate. Additionally, Model 2
was adjusted for age, sex, diabetes and
hypertension (systolic blood pressure).
Furthermore, the estimated unadjusted and
adjusted eGFR trajectory slopes in reduced
kidney function group during the study period
were significantly greater than the increase per
day in the normal kidney function group
(unadjusted p = 0.0101, adjusted p = 0.0322).
Also, the estimated unadjusted and adjusted
creatinine decline slope differences between the
two groups were significant (unadjusted p =
0.0193, adjusted p = 0.0246).

Characteristic Total Reduced kidney Normal kidney P-
(n=166) function group function group value
(n =46) (n =120)
Age, year 49.949.9 57.1+8.7 47.248.9 <0.001
Sex
Male 14(8.4) 6(13.0) 8(6.7) 0.312
Female 152(91.6) 40(87.0) 112(93.3)
Diabetes 94(56.0) 27 (58.7) 66(55.0) 0.799
Hypertension 69(41.6) 21(45.7) 48(40.0) 0.627
SBP (mmHg) 113.5£12.4 112.0£12.3 114.0£12.4 0.343
Hemoglobin (g/dL) 11.521.5 11.5¢1.5 11.521.5 0.729
Albumin (g/dL) 4.2+0.5 4.3+0.5 4.3+0.5 0.613
hs-CRP (mg/dL) 0.742.5 1.2+3.7 0.5+1.8 0.238
eGFR (mL/min/1.73m?) 98.1+£15.3 79.2+11.0 105.3+9.3 <0.001
Creatinine (mg/dL) 0.7+0.2 0.9+0.2 0.7+0.1 <0.001
BUN (mg/dL) 14.124.5 16.314.9 13.324.0 <0.001
Chlorine (mmol/L) 104.9+£2.8 105.6+2.3 104.6+3.0 0.064
Sodium (mmol/L) 140.94+2.8 141.3+2.2 140.8+3.1 0.275
Potassium (mmol/L) 4.2+0.4 4.310.4 4.1+0.5 0.107
Phosphorus (mg/dL) 3.840.6 3.84+0.6 3.8£0.6 0.958
CKD stage <0.001
1 120(72.5) 0 120(100)
2 43(25.7) 43(93.5) 0
3A 1(0.6) 1(2.2) 0
3B 2(1.2) 2(4.3) 0
Cancer type*
Gastrointestinal 21(12.6) 9(19.6) 12(9.9) 0.156
Lung 13(7.8) 6(13.0) 7(5.8) 0.221
Breast 82(49.4) 14(30.4) 68(56.7) 0.004
Ovarian 18(10.8) 8(17.4) 10(8.3) 0.161
Thyroid 15(9.0) 4(8.7) 11(9.2) 0.999
Others 27(16.3) 8(17.4) 19(15.8) 0.993

Note: Values are presented as either mean + standard deviation (SD) or numbers (percentage). SBP: systolic
blood pressure; hs-CRP: high-sensitivity C-reactive protein; eGFR: estimated glomerular filtration rate; BUN:
blood urea nitrogen; CKD: chronic kidney disease. * Including patients with multiple tumors

On the other hand, the differences in trends of
BUN over time were not significant in both

unadjusted and adjusted slopes (unadjusted p =
0.1566, adjusted p = 0.4674) while the estimated
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unadjusted slope difference of hs-CRP was
significantly different though the adjusted slope
difference was not significant (unadjusted p =
0.0466, adjusted p = 0.4868).

The 6-month follow-up evaluation of renal
function-related factors stratified by baseline
level of eGFR is presented in Figure 1. The
majority of improvement in eGFR occurred in the
reduced kidney function group which was
detected at 2-month follow-up and this remained
stable. In the normal kidney function group,
eGFR trend did not seem to change significantly
over the whole period. The decline of creatinine
was mostly noticed in reduced kidney function
group and was similar to the increase in eGFR.
The trajectory of BUN over time was stable in
both groups. Furthermore, variations in hs-CRP
levels in the reduced kidney function group were

more unpredictable than in the normal kidney
function group. The follow-up loss rate was 16.7
% at 2 months and 50.6 % at 6 months.

Reduced kidney function patient subgroup
analysis

Regarding renal function, only eGFR and hs-
CRP were abnormal in reducing the kidney
function group. The recovery rate of the two
factors after receiving HJD was investigated. The
slope before and after HJD administration was
estimated by piecewise linear mixed-effects
model (Table 3). The eGFR slope was
decreased before receiving HJD but then
increased significantly (p < 0.0001) after
administration of HJD. Also, the hs-CRP level
showed a decreasing tendency after receiving
HJD (p = 0.0005).

Table 2: Change slope in renal function-related factors between the two groups

Renal function Model 1 Model 2 (adjusted confounders®)
related factor Coefficient Standard P- Coefficient Standard P-
error value error value
eGFR (mL/min/1.73m?) 0.084 0.033 0.010 0.060 0.028 0.032
Creatinine (mg/dL) -0.001 0.0002 0.019 -0.0004 0.0002 0.025
BUN (mg/dL) -0.010 0.007 0.156 -0.005 0.007 0.467
hs-CRP (mg/dL) 0.006 0.003 0.047 0.004 0.005 0.487

Note: *Adjusted variables included age; sex, diabetes, hypertension, and systolic blood pressure
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Figure 1: Summary plot of renal function-related factors trajectories over time divided by baseline eGFR. Data
points represent mean and confidence intervals of renal function-related factors for each month

Table 3: Piecewise mixed-effect regression model predicting renal function intervention over time in reduced

kidney function patients
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Renal function Baseline trend

Trend change after intervention

Coefficient  Standard P- Coefficient Standard P-
error value error value
eGFR (mL/min/1.73m?) -0.541 0.105 <0.001 0.902 0.209 <0.001
hs-CRP (mg/dL) 0.151 0.057 0.008 -0.330 0.094 0.001

The boxplot of increment rate in eGFR and hs-
CRP, 2 months after baseline, is shown in Figure
2. The median increment rate of eGFR was
greater than 0 and hs-CRP was lower than 0.
The differences of eGFR and hs-CRP between
baseline and after 2 months were 10.63 (Cl:
497, 17.4, p = 0.0008) and -0.61 (CI: -0.95, -
0.26, p = 0.0010), respectively.
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Figure 2: Boxplot indicating increment rate in eGFR
and hs-CRP 2 months after baseline

DISCUSSION

Renal insufficiency is a common comorbidity in
patients with cancer [13]. Geriatric patients with
cancer experience a higher prevalence of Rl than
patients without cancer due to the tumor itself as
well as the chemotherapeutic agents or other
nephrotoxic agents in use [13]. A French national
observational cohort study, also known as the
renal insufficiency and cancer medication (IRMA)
study, showed that 57.4 % of patients with solid
tumors had abnormal renal function, 80.1 % of
patients received potentially nephrotoxic drugs,
and 53.4% of anticancer drug prescriptions
required dose adjustments for Rl [14]. In the
present study, participants in the reduced kidney
function group were older and had higher
baseline creatinine, BUN, chlorine and lower
eGFR compared to the normal kidney function
group. Interestingly, patient history of diabetes or
hypertension was not significant between the two
groups. Also, other than breast cancer, no
significant difference was seen in other cancer
types. Considering the narrow therapeutic
indexes of anticancer drugs, dose reduction and

frequent dose adjustments may lead to under-
dosing or life-threatening  toxicity. The
mechanism of nephrotoxicity is not fully revealed
but inflammation has a key role in acute renal
failure.

Cisplatin, one of the most frequently used
platinum-based chemotherapeutic agents
induces inflammation that triggers acute kidney
injury via mitochondrial dysfunction and the
subsequent cyclic GMP-AMP synthase (cGAS)
stimulator of interferon genes (STING) pathway
activation [15]. Most cancer patients may
experience acute kidney injury due to some
conditions or nephrotoxic agents. However, a
significant number of patients who recovered
from acute kidney injury progressed to end-stage
renal disease [16]. Full doses of
chemotherapeutic agents are recommended for
patients with mild or subclinical RI and
prophylactic medication is often used to prevent
RI. Prophylactic use of N-acetylcysteine or
sodium bicarbonate was widely used for
contrast-induced nephropathy but was uncertain
for chemotherapeutic agents including cisplatin
[17]. Other potential renoprotective agents for
chemotherapy were also studied but were not
effective [18].

Saireito, a herbal mixture composed of 12 plants,
is often used for diseases related to inflammation
[5]. Haejongdan (HJD) is a modified version of
Saireito lacking two components viz Zizyphus
Jjujuba and Zingiber officinale. An in vivo study
showed the renoprotective effect of Saireito, by
ameliorating gentamicin-induced nephrotoxicity
[19]. The antioxidant effect of Saireito is
suggested to be mediated via reduction of
urinary  N-acetyl-beta-D-glucosaminidase and
proteinuria, and increased creatinine clearance
[19]. In this study, the eGFR trajectory slopes in
the reduced kidney function group were
significantly greater than the normal kidney
function group per day increase. The creatinine
decline slope differences between the two
groups were also significant. Moreover, the
evaluation of renal function-related factors by 6-
month follow-up showed that the majority of
improvement in eGFR occurred in the reduced
kidney function group and improvement in eGFR
was detected at 2-month follow-up. Also, the
anti-inflammatory effect of Saireito against
nephritic disease has been reported [20].
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The estimation by piecewise linear mixed-effects
model showed that after HJD treatment in the
reduced kidney function group, eGFR and hs-
CRP  recovery rates were significant.
Experimental study suggested that saikosaponin
D, an active component in Saireito, showed anti-
nephritic effect via glucocorticoid receptor
stimulation [20]. Saireito and saikosaponin D
both attenuated intraglomerular inflammation by
suppressing IL-2 levels in a glomerulonephritis
rat model [20]. The 7 herbal mixture, Shosaikoto,
which is mostly included in HJD, had case
reports about side effects such as interstitial
pneumonia and acute respiratory failure [21].
However, specific side effects of Shosaikoto
were not observed in Sprague Dawley rats up to
doses of 2000 mg/kg for 13 weeks [22]. Also,
there were two patients with intrahepatic bile duct
carcinoma in the study population and no side
effects were found in these patients after taking
HJD for over a month.

Limitations of this study

This study is a retrospective single-arm study
and it is possible that various confounding
variables were included in the patients.

CONCLUSION

In patients with cancer, preserving renal function
is important in preventing acute kidney injury or
chronic renal failure and also in ensuring
effective chemotherapeutic agents are used for
the intended treatment time. Hagjongdan (HJD)
has the potential to prevent nephrotoxicity in
patients with cancer, especially those who have
RI. Further randomized, controlled study is
necessary to confirm the results.
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