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Abstract

Purpose: This study aimed to evaluate the relationship between chronic kidney disease (CKD) after radiation therapy for gastric/
duodenal mucosa-associated lymphoid tissue lymphoma and dose-volume histogram of the kidneys.

Methods and Materials: We retrospectively reviewed 40 patients who received 3-dimensional conformal radiation therapy. CKD was
evaluated using the Common Terminology Criteria for Adverse Events version 5.0. The mean dose of bilateral kidneys/right kidney/
left kidney (Dmean of b-kidneys) (Dmean of r-kidney) (Dmean of 1-kidney)> bilateral kidneys/right kidney/left kidney volume receiving > x Gy
(V of b-kidneys) (Vx of r-kidney) (Vx of 1-kidney)> and patients’ baseline clinical characteristics were analyzed.

Results: The median radiation therapy dose was 28 (range, 24-44.8) Gy in 14 fractions. The median follow-up period was 63.1
months, and the 5-year cumulative incidence of grade 2 CKD rate was 14.8%. Among several factors, Vs of b-kidneys Was most strongly
associated with grade 2 or worse CKD, with an area under the curve of 0.81 in the receiver operating characteristic curve. The 5-year
incidence rate in patients with Vs of y.kianeys = 58% was significantly higher than that in other patients (24.5% and 9.8%, respectively;
P < .05).

Conclusions: In this study using 3-dimensional conformal radiation therapy, the rate of adverse events at 5 years was low, many
patients showed toxicity after 5 years; thus, continuous follow-up is necessary to detect potential nephrotoxicity. Our data
demonstrate that Vs of 1 kidneys Was most strongly associated with the risk of CKD. With lower doses and more advanced techniques in
recent years, the incidence of CKD may be further reduced.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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eradication therapy often results in resolution of the
disease.”” For H. pylori-negative patients or patients who
have not responded to eradication therapy, the National
Comprehensive Cancer Network guidelines recommend
involved site radiation therapy (ISRT) as a local treat-
ment for organ preservation,” and several studies have
shown excellent clinical outcomes.” "’

Radiation-associated kidney disease is one of the late
complications of radiation therapy (RT) to the abdominal
region and is characterized by increased serum creatinine
levels, proteinuria, anemia, and hypertension.”’]2 The
incidence of the disease is not known owing to its high
latency. There are also less data available on volumetric
effects of more advanced irradiation techniques than on
3-dimensional conformal radiation therapy (3D-CRT).

Current recommendations for the treatment of local-
ized MALT lymphoma suggest the use of ISRT alone,”
as it is associated with excellent outcomes. Chemother-
apy is typically not indicated because it could cause tox-
icities including renal damage. In addition, ISRT has a
good prognosis and can be followed up for a long period,
which enables us to gain more insight into the clinical
data of chronic kidney disease (CKD).

This study does not represent the rate of CKD toxicity
associated with current RT for gastric MALT, which is
currently treated with lower doses and more sophisticated
irradiation techniques. However, examining the relation-
ship between factors related to previous irradiation and
renal damage may be helpful for future treatment plan-
ning. Here, we report a retrospective analysis of CKD
after 3D-CRT for gastric/duodenal MALT lymphoma.

Methods and Materials

Patients

A total of 65 patients with stage I to Il gastric/duodenal
MALT lymphoma were treated with RT at our institution
between January 2002 and December 2019. A retrospective
study was conducted with data collected from the patients’
medical records. The selection criteria were as follows:
treatment with 3D-CRT, available analyzable dose-volume
histogram (DVH) data, and follow-up period of at least 6
months. Patients with decreased renal function before RT
were excluded from the study. Accordingly, 40 patients
met the selection criteria and were included in the study.
This study was approved by the independent local medical
ethics committee and was designed in accordance with the
International Conference on Harmonization Guidelines on
Good Clinical Practice and the Declaration of Helsinki.

Treatment

All patients included in the study were treated with
3D-CRT, which was planned using a 3D radiation

treatment planning system. We used the Cadplan (Varian
Medical Systems, Palo Alto, CA) planning system before
March 2013 and the Eclipse (Varian Medical Systems)
system after March 2013. Patients underwent computed
tomography (CT) for 3D-CRT after a minimum fasting
period of 4 to 6 hours. The clinical target volume was
defined as the entire stomach or duodenum, including the
perigastric lymph nodes. The planning target volume
(PTV) included the clinical target volume and additional
margins to account for internal organ motion and set-up
errors. Before April 2017, PTV margins were employed
with approximately 1.5-cm superior and 2- to 3-cm infe-
rior directions. After April 2017, we used 4-dimensional
CT (4D-CT) to estimate the respiratory movement of the
stomach, and a suitable PTV margin was set for each
patient. RT was delivered on a linear accelerator using a
6- to 10-MV photon beam via noncoplanar static 3 or 4
fields to avoid the kidneys. A comparison of the dose dis-
tributions with a noncoplanar static 4 fields and anterior-
posterior/posterior-anterior parallel-opposed fields is
shown in Supplementary Materials Figure E1.

Before and after the introduction of 4D-CT, RT was
planned on free breathing CT and the kidneys were con-
toured on it, without taking into account respiratory
movement. The mean radiation doses of the bilateral kid-
n€YS (Dmean of b-kidneys)> mean dose of the right/left kidney
(Dmean of r—kidney) (Dmean of lfkidney)s Vx Gy of the bilateral
kidneys (Vy of b-kidneys) and Vy gy of the right/left kidney
(Vx of r-kidney) (Vx of 1-kidney) Were calculated using DVH
analyses. Vy gy was defined as the percentage of the spec-
ified kidney portion irradiated with more than x Gy. Vs

—25 of b-kidneyss ¥5-25 of r-kidney> ANd V5_25 of 1kidney WETE
calculated.

Endpoints, follow-up, and statistics

Chronic RT-associated kidney disease was assessed
using the rate of decline in the glomerular filtration rate
(GFR). The GFR of each participant was calculated using
serum creatinine (S-Cr) levels and age with the Japanese-
coefficient-modified modification of diet in renal disease
study equation as follows'*:

GFR (mL/ min/1.73m?)
= 0.881 x 186 x age %2 x S

— Cr 1% (for females x 0.742)

The endpoint of the follow-up period was grade 2 (G2)
or worse CKD (GFR < 60 mL/ min/1.73 m* for > 3
months)'* according to the Common Terminology Crite-
ria for Adverse Events, version 5.0.

Patients underwent blood tests before RT to ensure
that there was no decrease in renal function. They were
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followed up regularly during treatment and at intervals of
approximately 6 to 12 months after RT.

The following clinical factors were investigated for
associations with the risk of CKD events: sex (male vs
female), age (continuous), diabetes mellitus (DM) (yes vs
no), hypertension (yes vs no), smoking (yes vs no),
receiving chemotherapy after radiation therapy (yes vs
HO), Dmean of b-kidneyss Dmean of r-kidneys Dmean of 1-kidney» VS
—25 of b-kidneyss V5-25 of r-kidney> 04 V5_25 of Ikidney WETE
included in the statistical analysis.

The cumulative rate of each adverse event (AE) was
calculated from the end of treatment to the date of G2
CKD using the Kaplan-Meier method. Univariate analy-
sis using Cox proportional hazards model was performed
to test the association between the different factors and
AEs. For multivariate analysis, the forward Wald proce-
dure was performed using Cox proportional hazards
model, which contained all significant variables in the
univariate analysis (P < .10). The correlations among the
DVH parameters were assessed using Pearson’s correla-
tion coefficient test. The area under the curve (AUC) of
the receiver operating characteristic (ROC) curves was
used to identify the dose-volume parameters that were
most strongly associated with AEs. To detect the optimal
cut-off values from the ROC curves, the point on the
curve closest to the upper left corner was determined. In
the analysis of the data, statistical significance was set at
P < .05. All statistical analyses were performed using the
Excel statistical software package, version 3.21 (Bell-
curve for Excel; Social Survey Research Information
Co., Ltd., Tokyo, Japan).

Results

The characteristics of the 40 evaluable patients are
summarized in Table 1. After a median follow-up period
of 63.1 months (95% confidence interval, 44.0-68.5
months), 36 patients survived and 4 patients died of
causes other than MALT lymphoma. Seven patients had
DM requiring medication, and 11 patients underwent reg-
ular examinations for hypertension. Sixteen patients had
a history of smoking, 17 had none, and 7 were unknown.
Two patients received chemotherapy after RT; 1 had
local and distant relapses 95 months after ISRT and
received R-CHOP treatment (rituximab, cyclophospha-
mide, vincristine, doxorubicin, and prednisone). G2 CKD
was observed 106 months after initial treatment. The
other patient developed intrahepatic bile duct cancer and
received gemcitabine chemotherapy, without any treat-
ment-induced decline in renal function.

During the observation period, the rate of GFR decline
in all patients was 1.57 mL/min/1.73 m?/year on average,
which was higher than that of 0.36 mL/min/1.73 m*/year
on average in healthy Japanese individuals over 40 years
of age.'” Ten patients (25.0%) developed > G2 CKD. Of

Table 1  Patient and treatment characteristics and result of
3D-CRT for MALT lymphoma

Characteristic No. of patients (N = 40) (%)
Sex
Male 19 48
Female 21 52
Age (years)
Median 63
Range 38-81
Primary site
Gastric 36 90
Duodenum 2 5
Gastric and duodenum 2 5
Lugano stage
I 35 88
11 3 7
12 2 5
DM
Yes 7 17
No 33 83
Hypertension
Yes 11 28
No 29 72
Smoking
Yes 16 40
No 17 43
Unknown 7 7
Chemotherapy after radiation therapy
Yes 2 5
No 38 95
Incidence of CKD
Grade O or 1 30 75
Grade 2 or worse 10 25
Grade 3 or worse 2 5
Grade 4 or worse None

Abbreviations: 3D-CRT = 3-dimensional conformal radiation ther-
apy; CKD = chronic kidney disease; DM = diabetes mellitus;
MALT = mucosa-associated lymphoid tissue.

the 10 patients, 2 (5.0%) developed G3 at 77 and 225
months after ISRT, respectively. None of the patients had
a CKD higher than G4. After RT, 5 out of 10 patients
showed G2 toxicity in 5 years, and the 5-year cumulative
incidence rate was 14.8% (Fig 1). The median onset time
of G2 CKD was 54.8 months (12.1-126.8 months).
Among the 10 patients who developed > G2 CKD, 1
patient had both DM and hypertension. None of the
patients had DM only, and 3 had hypertension only. In
contrast, in the 30 patients who did not develop CKD, 6
had DM only and 7 had hypertension only.

The results for the RT plans are shown in Table 2. The
median total dose for PTV was 28 Gy (range, 24-44.8
GY)7 Dmean of b-kidneys Was 9.0 GY (range’ 1.0-21.4 GY)7
Diean of r-kidney Was 5.5 Gy (range, 1.2-21.7 Gy), and
Dmean of l-kidney Was 9.6 Gy (range’ 0.9-25.5 GY) Dmean of
I-kidney Was higher than Diean of r-kidney in 34 of 40 cases.
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Fig. 1 Kaplan-Meier curves for the cumulative incidence rate of > grade 2 (G2) chronic kidney disease (CKD). Censored case

patients are shown as diamonds.

The results of univariate analysis are summarized in
Table 3. As for the clinical characteristics, none of the
factors were significant predictors of AEs. As for the
DVH parameters, there were significant differences in
Dmean of b-kidneys» VS*]O of b-kidneyss V25 of b-kidneyss Dmean
of r-kidney> ANd V5_55 of ryidney- These parameters closely
correlated with each other when assessed using Pearson’s
correlation coefficient test (r: 0.536-0.970; P < .001);
thus, we compared them using the AUC of the ROC
curve (for the details of the ROC curve analysis of all
DVH parameters, see Supplementary Materials). The
parameter that was most strongly associated with AEs
was Vs of b-kidneys» and the AUC was 0.810. The cut-off
value was 58%, with sensitivity and specificity of 80%
and 83.3%, respectively.

We performed the multivariate analysis including the
following factors; gender, age, hypertension, and Vs o 1,

kidneys = 38%, because gender and age were incorporated
into the GFR formula,'? and hypertension was marginally
significant (P = .071; hazard ratio, 3.767) in the univari-
ate analysis. The DVH parameters that were significant
in univariate analysis strongly correlated with each other;
therefore, Vs of b-kidneys = 38% was selected based on the
ROC curve analysis. The results of multivariate analysis
showed Vs of b-kidneys = 38% was a significant factor (haz-
ard ratio, 4.96; 95% confidence interval, 1.0003-24.5712;
P = .04996) (Table 4). The cumulative incidence rate of
AEs according to the cut-off value of Vs of pxidneys 1S
shown in Figure 2. The 5-year incidence rate in patients
with Vs of pkidneys = 38% was significantly higher than
that in other patients (24.5% and 9.8%, respectively; P <
.05).

The relationship between Vs of rxidney a0d Vs of 1kidney
t0 Vs of bkidneys Was investigated. Among 10 patients

Table 2 Dose index and DVH parameters of 3D-CRT (n = 40)
Parameter Median (range)
The total dose for PTV (Gy) 28 (24-44.8)

b-kidneys r-kidney 1-kidney
Dinean (GY) 9.0 (1.0-21.4) 5.5 (1.2-21.7) 9.6 (0.9-25.5)
V5 (%) 46.2 (1.8-97.0) 33.0 (0-96.0) 54.0 (1.6-100.0)
Vio (%) 34.5 (0-93.0) 24.9 (0-84.0) 38.5 (0-100.0)
Vis5 (%) 26.0 (0-87.0) 15.0 (0-73.0) 32.3 (0-100.0)
Voo (%) 14.3 (0-58.0) 5.5 (0-65.0) 18.3 (0-95.0)
Vs (%) 5.0 (0-32.5) 1.0 (0-52.0) 7.5 (0-45.0)

Abbreviations: 3D-CRT = 3-dimensional conformal radiation therapy; b-kidney = bilateral kidneys; Dy,can = mean dose; DVH = dose-volume histo-
gram; I-kidney = left kidney; PTV = planning target volume; r-kidney = right kidney; Vx = volume of the kidneys receiving a dose greater than x Gy.
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Table 3  Univariate analysis of clinical and DVH factors
influencing the incidence of >G2 CKD (N = 40)

Factor HR (95% CI) P value

1.858 (0.509-6.779)  .348
1.055 (0.984-1.131)  .135
0.489 (0.060-3.995)  .505
3.767 (0.892-15.908) 071
0.743 (0.193-2.863)  .667
1.487 (0.185-11.971) 709

Sex (male vs female)
Age (continuous)
DM (yes vs no)
Hypertension (yes vs no)
Smoking (yes vs no)
Chemotherapy after

RT (yes vs no)
1.180 (1.002-1.390) .047%
1.053 (1.007-1.102) .025%
1.046 (1.004-1.090) .033*
1.037 (0.997-1.078) .068
1.035 (0.991-1.081) 125
1.068 (1.007-1.133) .029#
1.148 (1.031-1.277) .012%
1.036 (1.008-1.064) 011
1.039 (1.009-1.068) .009*
1.041 (1.009-1.073) 011
1.033 (1.001-1.066) .0437%*
1.044 (1.006-1.085) .025%
1.043 (0.929-1.171) AT7
1.008 (0.980-1.038) .582
1.006 (0.982-1.031) .635
1.003 (0.979-1.027) .833
1.005 (0.978-1.032) 715
1.0037 (0.982-1.095) .193

Abbreviations: CI = confidence interval; CKD = chronic kidney dis-
ease; DM = diabetes mellitus; Dpean of b-kidneys = mean dose of bilat-
eral kidneys; Diean of 1-kidney = mean dose of left kidney; Diean of r-
kidney = mean dose of right kidney; DVH = dose-volume histogram;
G2 = grade 2; HR = hazard ratio; RT = radiation therapy; Vi of b-
kidneys = volume of the bilateral kidneys receiving a dose greater
than X Gy; Vy of 1-kianey = Volume of the left kidney receiving a dose
greater than x Gy; Vy of r-kidney = VOlume of the right kidney receiv-
ing a dose greater than x Gy.
* P<.05.

Dmcan of b-kidneys
VS of b-kidneys
VIO of b-kidneys
V]S of b-kidneys
VZO of b-kidneys
V25 of b-kidneys
Dmean of r-kidney
VS of r-kidney
VIO of r-kidney
V]S of r-kidney
V20 of r-kidney
V25 of r-kidney
Dmean of 1—kidney
VS of 1-kidney
VIO of 1-kidney
V]S of 1-kidney
V20 of 1-kidney
V25 of 1-kidney

with > G2 CKD, the median values of Vs of r_idaney and
V5 of 1-kidney Were 59.2% and 65%, respectively, which
were both higher than the cut-off values obtained from
the ROC curves (47% and 48%, respectively). However,

Table 4 Multivariate analysis of the incidence of > G2
CKD (N = 40)

Factor HR (95% CI) P value
Sex (male vs female) 1.51 (0.347-6.539) .5840
Age (continuous) 1.03 (0.942-1.116) .5615

Hypertension (yes vs no) 2.24 (0.430-11.664) .3386
V5 of b-kidneys = 38% 4.96 (1.0003-24.5712) .04996*
(yes vs no)

Abbreviations: CI = confidence interval; CKD = chronic kidney dis-
ease; G2 = grade 2; HR = hazard ratio; Vy of pkidneys = Volume of
the bilateral kidneys receiving a dose greater than x Gy.

* P<.05.

among the 30 patients with < G2 CKD, the median value
of Vs of 1kidney Was 48.9%, which was slightly higher
than the respective cut-off value, whereas the median
value of Vs of rkidney Was 27.6%, which was lower than
the respective cut-off value.

Discussion

CKD is the main risk factor for end-stage renal dis-
ease, cardiovascular disease, and premature death.'® The
prevalence of CKD has increased in recent years'’ and
has become a significant public health problem world-
wide. DM, hypertension, metabolic syndrome, and radia-
tion exposure of the kidneys is one of the risk factors for
CKD."®?' In a study examining renal function among
survivors of the Nagasaki atomic bomb blast, it was
reported that higher radiation doses were likely to cause
CKD, and the risk increased 1.29 times for every 1 Sv of
additional exposure.””

In our study of CKD after ISRT for gastric/duodenal
MALT lymphoma, G2 AEs were observed in 10 patients
(25.0%) and G3 in only 2 patients (5.0%). There were
low rates of serious AEs; however, 5 of 10 patients
(50.0%) developed G2 after >5 years from RT. Radiation
nephropathy is characterized by its development over an
extended period, usually presenting months to years after
radiation exposure. This latency is associated with slower
cell turnover rates in renal tissues than in early respond-
ing tissues such as the gastrointestinal epithelium or bone
marrow.”” Thompson et al”* reported that the frequency
of renal dysfunction was higher after 5 years than within
5 years of RT, and a similar trend was observed in the
current study. Therefore, long-term monitoring of renal
function is essential.

Several reports have been published on the relation-
ship between radiation dose and nephropathy. Regarding
whole kidney irradiation, Cheng et al. performed a com-
prehensive review of 12 studies reporting on renal dys-
function after total body irradiation and found a 5% risk
with an average dose of 10 Gy.”” Regarding partial kid-
ney irradiation, there were several reports on CT-based
planning,”**"-****3% although the observation period for
most of them was less than 5 years. The relationship
between renal damage and the dose index over longer
periods of time is not known. In this study, we found a
9.8% risk of injury at 5 years when Vs of p_xidneys Was <
58%. This dose index appeared to be more restrictive
than the constraints reported by Enami et al.”’ Several
causes may have led to this result. First, as we have been
observing the patients for a long period of time (more
than 5 years), we could detect potential renal dysfunction.
Second, we used different endpoints from previous stud-
ies, which may have affected the results. In previous
reports, various endpoints were applied,” including sub-
clinical categories such as elevated serum f,



6 T. Katsuta et al

Advances in Radiation Oncology: November—December 2021

1.00
0.80
3
=}
Q
=]
‘5 0.60
k=
o
2
£ 040
=
g
S
0.20
0.00
0 20 40

Number. at risk

40 31 26

80 100 120 140

month

11 9 6 2

Fig. 2 Cumulative incidence of chronic kidney disease (P = .018). Dotted line: Vs of 1 xidneys = 38% and solid line: Vs < 58%. Cen-

sored case patients are shown as diamonds.

macroglobulin, elevated serum creatinine levels, and
scintigraphy-image changes and clinical categories such
as malignant hypertension and edema. GFR-based grad-
ing has now been recommended,'® which we have fol-
lowed in our study. Finally, we did not examine the
functional aspects of the kidneys using renal scintigraphy
before RT; therefore, the results could have been differ-
ent if the irradiation of the functional kidney was biased.

Our results suggest that it is necessary to assess not
only the entire kidney dose but also the right and left kid-
neys separately. In most cases, the right kidney dose was
lower than the left kidney dose, and reducing the right
kidney as well as the bilateral kidney dose was effective
in preventing CKD. Specifically, in the case of Vs of p_kiq-
neys €xceeding 58%, it was suggested to maintain Vs of ..
kidney below 47%. 3D-CRT is superior to anterior-poste-
rior-posterio-anterior parallel-opposed fields for sparing
kidneys,”” and we used noncoplanar static 3 or 4 fields to
avoid the kidneys as much as possible. In the future,
intensity modulated RT and volumetric modulated arc
therapy are expected to create more accurate and flexible
dose distribution. Compared with 3D-CRT, these recent
techniques have the potential to reduce the kidney dose,
especially in patients with anatomic overlap between
their PTV and both kidneys.3 233 In addition, other radia-
tion techniques, such as breath-hold irradiation, are also
useful. Because of the proximity of the stomach to the
diaphragm, respiration can influence gastric motion.™
Deep-inspiration breath-hold can limit respiratory-
induced gastric motion and facilitate the use of smaller
PTV margins.””

It is also effective to consider a reduction in the pre-
scribed dose to reduce organ-at-risk dose exposure. Doses
of 30 to 45 Gy have been used in the past to treat gastric
MALT patients.” Given the highly favorable outcomes of
ISRT with a dose < 30 Gy, dose de-escalation has been
considered. Tsang et al’ found that doses of 25 to 30 Gy
yielded good local control, and Pinnix et al*® reported no
difference in the 2-year local control and overall survival
between reduced dose groups of 24 Gy and dose groups
of > 30 Gy. Therefore, the National Comprehensive Can-
cer Network guidelines recommend ISRT at 24 Gy as
well as 30 Gy in 20 fractions.” Furthermore, it has been
reported that complete remission was observed in 61% of
patients with low-grade lymphoma including MALT
lymphoma, even at a low dose (2 x 2 Gy), and it might
be possible to treat with even lower doses in some
cases.”’ At our institution, some patients with gastric
MALT lymphoma were treated with doses lower than 30
Gy, with good results. We would like to continue low-
dose RT to reduce the renal dose in the future.

Aging is a confounding factor in long-term follow-up
periods as it causes a physiological decline in GFR. It is
known that renal function in people in their 80s can drop
to 60% of that in people in their 30s,”® with an average
decrease in GFR of 0.36 mL/min/1.73 m*/year."> Our
study group showed an average decline in GFR of 1.57
mL/min/1.73 m*/year, which was greater than the value
of physiological decline, indicating an effect of RT.

The present study has some limitations. We hypothe-
sized that RT caused a decline in GFR and renal function.
However, there were many causes of CKD, such as
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glomerulonephritis.”” Information available in the medi-
cal records was added to adjust for confounding factors,
but owing to the limited number of patients, it was not
possible to account for all of them. Regarding DM and
hypertension, we also lacked information on the degree
of control by specific values such as hemoglobin Alc or
blood pressure. Owing to the retrospective nature of the
study, the possibility of bias could not be ruled out. How-
ever, because the cumulative incidence of long-term renal
toxicity of ISRT for gastric/duodenal MALT lymphoma
has not been well described, we believe that our study
has value. Furthermore, the concept of avoiding low dose
irradiation to the kidneys derived from this study could
be applied, with a good prognosis, not only to gastric/
duodenal MALT but also to other diseases such as indo-
lent lymphoma or seminoma.

Conclusions

In this study using 3D-CRT, the rate of AEs at 5 years
was low, many patients showed toxicity after 5 years;
thus, continuous follow-up is necessary to detect poten-
tial nephrotoxicity. Our data demonstrate that V5 of b-
kidneys was most strongly associated with the risk of
CKD. To prevent CKD, it is also important to reduce the
right kidney dose as well as the bilateral kidney dose.
With lower doses and more advanced techniques devel-
oped in recent years, the incidence of CKD may be fur-
ther reduced.

Acknowledgments

We would like to thank Editage (http://www.editage.
com) for editing this manuscript for English language.

Supplementary materials

Supplementary material associated with this article
can be found, in the online version, at doi:10.1016/j.
adro.2021.100788.

References

1. Isaacson P, Wright DH. Malignant lymphoma of mucosa-associ-
ated lymphoid tissue: A distinctive type of B-cell lymphoma. Can-
cer. 1983;52:1410-1416.

2. Raderer M, Kiesewetter B, Ferreri AJ. Clinicopathologic character-
istics and treatment of marginal zone lymphoma of mucosa-associ-
ated lymphoid tissue (MALT lymphoma). CA Cancer J Clin.
2016;66:153-171.

3. Nakamura S, Sugiyama T, Matsumoto T, et al. Long-term clinical
outcome of gastric MALT lymphoma after eradication of Helico-
bacter pylori: A multicentre cohort follow-up study of 420 patients
in Japan. Gut. 2012;61:507-513.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. NCCN Clinical Practice Guidelines in Oncology, Non-Hodgkin

Lymphomas. Available at: https://www.nccn.org/professionals/
physician_gls/pdf/b-cell.pdf. Accessed December 1, 2020.

. Schechter NR, Portlock CS, Yahalom J. Treatment of mucosa-asso-

ciated lymphoid tissue lymphoma of the stomach with radiation
alone. J Clin Oncol. 1998;16:1916-1921.

. Matsuura K, Kashiwado K, Ueno T, et al. Clinical evaluation of

radiation therapy for primary gastric lymphoma. Japan J Clin
Radiol. 2001;46:322-326.

. Tsang RW, Gospodarowicz MK, Pintilie M, et al. Localized

mucosa-associated lymphoid tissue lymphoma treated with radiation
therapy has excellent clinical outcome. J Clin Oncol. 2003;21:
4157-4164.

. Gobbi PG, Corbella F, Valentino F, et al. Complete long-term

response to radiotherapy of gastric early-stage marginal zone lym-
phoma resistant to both anti-helicobacter pylori antibiotics and che-
motherapy. Ann Oncol. 2009;20:465-468.

. Wirth A, Gospodarowicz M, Aleman BM, et al. Long-term out-

come for gastric marginal zone lymphoma treated with radiother-
apy: A retrospective, multi-centre, International Extranodal
Lymphoma Study Group study. Ann Oncol. 2013;24:1344—1351.
Ohkubo Y, Saito Y, Ushijima H, et al. Radiotherapy for localized
gastric mucosa-associated lymphoid tissue lymphoma: Long-term
outcomes over 10 years. J Radiat Res. 2017;58:537-542.

Cosset JM, Socie G, Dubray B, et al. Single dose versus fraction-
ated total body irradiation before bone marrow transplantation:
Radiobiological and clinical considerations. Int J Radiat Oncol
Biol Phys. 1994;30:477-492.

Rabinowe SN, Soiffer RJ, Tarbell NJ, et al. Hemolytic-uremic syn-
drome following bone marrow transplantation in adults for hemato-
logic malignancies. Blood. 1991;77:1837-1844.

Matsuo S, Imai E, Horio M, et al. Revised equations for estimated
GFR from serum creatinine in Japan. Am J Kidney Dis. 2009;53:
982-992.

Mallappallil M, Friedman EA, Delano BG, et al. Chronic kidney
disease in the elderly: Evaluation and management. Clin Pract
(Lond). 2014;11:525-535.

Imai E, Horio M, Yamagata K, et al. Slower decline of glomerular
filtration rate in the Japanese general population: A longitudinal
10-year follow-up study. Hypertens Res. 2008;31:433-441.
National Kidney Foundation. K/DOQI clinical practice guidelines
for chronic kidney disease. Evaluation, classification, and stratifica-
tion. Am J Kidney Dis. 2002;39(2 Suppl 1):S1-266.

Xie Y, Bowe B, Mokdad AH, et al. Analysis of the Global Burden
of Disease study highlights the global, regional, and national trends
of chronic kidney disease epidemiology from 1990 to 2016. Kidney
Int. 2018;94:567-581.

Jha V, Garcia-Garcia G, Iseki K, et al. Chronic kidney disease:
Global dimension and perspectives. Lancet. 2013;382:260-272.
Huh JH, Yadav D, Kim JS, et al. An association of metabolic syn-
drome and chronic kidney disease from a 10-year prospective
cohort study. Metabolism. 2017;67:54—61.

Baerman G, Linser P. Beitrage zur chirurgischen Behandlung und
Histologie der roentgenulzera (Contribution to the surgical treat-
ment and histology of radiation-induced ulcers). Miinchen Med
Wochenschr. 1904;51:918-920.

Edsall DL. The attitude of the clinician in regard to exposing
patients to the x-ray. JAMA. 1906;XLVII:1425-1429.

Sera N, Hida A, Imaizumi M, et al. The association between
chronic kidney disease and cardiovascular disease risk factors in
atomic bomb survivors. Radiat Res. 2013;179:46-52.

Cohen EP. Fibrosis causes progressive kidney failure. Med Hypoth-
eses. 1995;45:459-462.

Thompson PL, Mackay IR, Robson GS, et al. Late radiation
nephritis after gastric x-irradiation for peptic ulcer. Q J Med.
1971;40:145-157.


http://www.editage.com
http://www.editage.com
https://doi.org/10.1016/j.adro.2021.100788
https://doi.org/10.1016/j.adro.2021.100788
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0001
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0001
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0001
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0002
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0002
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0002
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0002
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0003
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0003
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0003
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0003
https://www.nccn.org/professionals/physician_gls/pdf/b-cell.pdf
https://www.nccn.org/professionals/physician_gls/pdf/b-cell.pdf
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0005
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0005
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0005
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0006
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0006
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0006
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0007
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0007
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0007
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0007
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0008
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0008
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0008
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0008
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0009
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0009
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0009
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0009
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0010
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0010
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0010
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0011
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0011
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0011
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0011
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0012
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0012
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0012
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0013
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0013
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0013
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0014
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0014
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0014
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0015
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0015
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0015
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0016
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0016
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0016
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0017
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0017
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0017
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0017
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0018
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0018
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0019
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0019
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0019
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0020
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0020
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0020
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0020
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0021
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0021
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0022
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0022
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0022
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0023
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0023
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0024
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0024
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0024

8

T. Katsuta et al

Advances in Radiation Oncology: November—December 2021

25.

26.

217.

28.

29.

30.

31

32.

Cheng JC, Schultheiss TE, Wong JY. Impact of drug therapy, radia-
tion dose, and dose rate on renal toxicity following bone marrow
transplantation. Int J Radiat Oncol Biol Phys. 2008;71:1436-1443.

Kost S, Dorr W, Keinert K, et al. Effect of dose and dose-distribu-
tion in damage to the kidney following abdominal radiotherapy. Int
J Radiat Biol. 2002;78:695-702.

Jansen EP, Saunders MP, Boot H, et al. Prospective study on late
renal toxicity following postoperative chemoradiotherapy in gastric
cancer. Int J Radiat Oncol Biol Phys. 2007;67:781-785.

Welz S, Hehr T, Kollmannsberger C, et al. Renal toxicity of adju-
vant chemoradiotherapy with cisplatin in gastric cancer. Int J
Radiat Oncol Biol Phys. 2007;69:1429-1435.

Burman C, Kutcher GJ, Emami B, et al. Fitting of normal tissue tol-
erance data to an analytic function. Int J Radiat Oncol Biol Phys.
1991;21:123-135.

Dawson LA, Kavanagh BD, Paulino AC, et al. Radiation-associated
kidney injury. Int J Radiat Oncol Biol Phys. 2010;76(3 Suppl):
S108-S115.

Emami B, Lyman J, Brown A, et al. Tolerance of normal tissue to
therapeutic irradiation. Int J Radiat Oncol Biol Phys. 1991;21:109—
122.

Della Biancia C, Hunt M, Furhang E, et al. Radiation treatment
planning techniques for lymphoma of the stomach. Int J Radiat
Oncol Biol Phys. 2005;62:745-751.

33.

34.

35.

36.

37.

38.

39.

Chung JH, Na K, Kim IH. Benefit of volumetric-modulated arc
therapy over three-dimensional conformal radiotherapy for stage I-
II extranodal marginal zone B-cell lymphoma of mucosa-associated
lymphoid tissue in the stomach: A dosimetric comparison. Radiat
Oncol J. 2018;36:332-340.

Wysocka B, Kassam Z, Lockwood G, et al. Interfraction and respi-
ratory organ motion during conformal radiotherapy in gastric can-
cer. Int J Radiat Oncol Biol Phys. 2010;77:53-59.

Hu W, Ye J, Wang J, et al. Incorporating breath holding and image
guidance in the adjuvant gastric cancer radiotherapy: A dosimetric
study. Radiat Oncol. 2012;7:98.

Pinnix CC, Gunther JR, Milgrom SA, et al. Outcomes after
reduced-dose intensity modulated radiation therapy for gastric
mucosa-associated lymphoid tissue (MALT) lymphoma. Int J
Radiat Oncol Biol Phys. 2019;104:447-455.

Haas RL, Poortmans P, de Jong D, et al. High response rates and
lasting remissions after low-dose involved field radiotherapy in
indolent lymphomas. J Clin Oncol. 2003;21:2474-2480.

Lindeman RD, Tobin J, Shock NW. Longitudinal studies on the
rate of decline in renal function with age. J Am Geriatr Soc.
1985;33:278-285.

National Kidney Foundation. Kidney Disease: Causes, 2020. Available
at:  https://www.kidney.org/atoz/content/kidneydiscauses.  Accessed
December 1, 2020.


http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0025
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0025
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0025
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0026
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0026
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0026
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0026
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0026
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0027
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0027
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0027
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0028
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0028
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0028
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0029
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0029
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0029
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0030
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0030
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0030
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0031
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0031
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0031
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0032
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0032
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0032
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0033
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0033
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0033
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0033
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0033
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0034
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0034
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0034
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0035
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0035
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0035
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0036
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0036
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0036
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0036
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0037
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0037
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0037
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0038
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0038
http://refhub.elsevier.com/S2452-1094(21)00146-9/sbref0038
https://www.kidney.org/atoz/content/kidneydiscauses

	Analysis of Chronic Kidney Disease After Radiation Therapy for Gastric/Duodenal Mucosa-Associated Lymphoid Tissue Lymphoma
	Introduction
	Methods and Materials
	Patients
	Treatment
	Endpoints, follow-up, and statistics

	Results
	Discussion
	Conclusions
	Acknowledgments
	Supplementary materials
	References



