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Efficacy of Immunomodulatory Drugs

in Combination With Dexamethasone

in Proliferative Glomerulonephritis

With Monoclonal Immunoglobulin Deposits
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1National Clinical Research Center of Kidney Diseases, Jinling Hospital, Nanjing University School of Medicine, Nanjing, China;
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Introduction: Immunomodulatory drugs (IMiDs) plus dexamethasone are effective for plasma cell dys-

crasias, but the treatment efficacy of IMiD in proliferative glomerulonephritis with monoclonal immuno-

globulin deposits (PGNMID) has been rarely reported.

Methods: We retrospectively analyzed the clinicopathologic data of 64 patients with PGNMID (steroid,

IMiD, and bortezomib and dexamethasone/Rituximab [BD/RTX] groups) from January 1, 2010 to December

31, 2020, at the National Clinical Research Center of Kidney Disease in Nanjing. The prognosis of patients

receiving different treatment regimens were compared. Factors potentially affecting renal prognosis and

renal response were evaluated.

Results: Twenty-eight, 26 and 10 PGNMID patients were divided into IMiD group, steroid group and BD/RTX

group respectively. The rate of serum M protein detection was significantly lower in the steroid group than in

the other 2 groups. Renal remission (P ¼ 0.001 and P ¼ 0.03, respectively) rates and renal complete remission

(CR) (P ¼ 0.001 and P ¼ 0.01, respectively) rates were significantly higher in the IMiD and BD/RTX groups than

in the steroid group at the last follow-up. Multivariate logistic analysis identified that hypertension and high

serum creatinine (SCr) levels (>1.24 mg/dl) decreased renal remission, whereas low C3 levels, IMiD and BD/

RTX treatments were positively associated with renal remission. Multivariate Cox analysis identified IgG3 in

renal tissue and high SCr levels as poor renal prognostic indicators. Severe adverse events were more

common in the IMiD and BD/RTX groups than in the steroid group (P ¼ 0.072 and P ¼ 0.035, respectively).

Conclusion: Our results suggest that IMiDs plus dexamethasone is effective for achieving renal remission

in PGNMID patients.
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P
GNMID is a type of monoclonal gammopathy of
renal significance that was first reported by Nasr

et al.1 in 2004.2 In most PGNMID patient samples, IgG3
deposits with kappa restriction are observable by
immunofluorescence, membranoproliferative changes
are observable by light microscopy, and electron-dense
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deposits mainly located in subendothelial and mesan-
gial areas are observable by electron microscopy. Pa-
tients with PGNMID typically present with renal
insufficiency, proteinuria, and microscopic hematuria.
The M protein can be detected in the blood, urine, or
bone marrow monoclonal plasma cells of approximately
30% to 37% of patients.3-6

Though the pathogenesis of PGNMID remains un-
clear, it is generally thought to be caused by the depo-
sition of nephrotoxic MIg from B cells or plasma cells
into the glomerulus. The current options for PGNMID
treatment should be determined by the clone or poten-
tial clone.7 Gumber et al.4 reported a favorable effect of a
clone-directed approach, including bortezomib and RTX
on PGNIMID. In addition, Zand et al.8 and Almaani
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Figure 1. Process for the inclusion of PGNMID patients and renal remission in different groups. BD/RTX, Bortezomib and Dexamethasone/
Rituximab; CR, complete remission; eGFR, estimated glomerular filteration rate; NR, no response; PGNMID, proliferative glomerulonephritis with
monoclonal immunoglobulin deposits; PR, partial remission.
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et al.9 reported that daratumumab significantly
improved the outcomes of patients with PGNMID.

According to the latest consensus, chemotherapy
should be considered as priority in the treatment of
PGNMID. Nevertheless, the high cost limits the use of
these clone-directed drugs for patients with PGNMID in
developing countries. Thalidomide and lenalidomide are
IMiDs that are used as one of the main clone-directed
approaches and exert pleiotropic antimyeloma effects,
because they have immunomodulatory, antiangiogenic,
anti-inflammatory, and antiproliferative activity.10,11

Based on their antimultiple myeloma properties, IMiDs
are also considered promising for the treatment of
PGNMID. Recently, our group demonstrated the thera-
peutic efficacy of lenalidomide in combination with
dexamethasone in 6 patients with PGNMID.12

Herein, we retrospectively analyzed the clinicopath-
ologic characteristics of 64 patients with PGNMID. We
further attempted to evaluate and compare the treatment
efficacies, outcomes and severe adverse events in the
IMiD group and other therapeutic strategy groups.

METHODS

Patients

In this study, we observed 90 patients with PGNMID
whowere registered at our center from January 1, 2010 to
Kidney International Reports (2022) 7, 2166–2175
December 31, 2020. The diagnosis of PGNMID was
determined according to the renal biopsy findings.4 The
details of renal pathological diagnosis are available in
Supplementary Appendix 1. Patients with cry-
oglobulinemia and PGNMID associated with renal
transplantation were excluded. Patients who were lost to
follow-up, patients that had an estimated glomerular
filtration rate (eGFR) #15 ml/min per 1.73 m2 at renal
biopsy and patients with malignant hematologic disor-
ders were also excluded. After the exclusion of 9 patients
whowere lost to follow-up, 13patientswith an eGFR#15
ml/min per 1.73 m2 and 4 patients diagnosed with a ma-
lignant hematologic disease, 64 patients, including 6
patients we previous reported on12 were enrolled in our
study. The details are shown in Figure 1. This study was
approvedby theEthics Committee ofNanjingUniversity.
Written consent was not required for this noninvasive
study, as determined by the ethics committee.
Treatment Protocols
Steroid Group

The steroid group was treated with prednisone with or
without angiotensin converting enzyme inhibitors
(ACEIs)/angiotensin receptor blockers (ARBs). The
initial dose of prednisone was 0.5 to 1 mg/(kg.d), and
the maximum dose was 60 to 80 mg/d for 4 to 8 weeks.
2167
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Once the treatment was determined to be effective, the
prednisone dose was reduced by 2.5 to 5.0 mg every 2
to 4 weeks until it reaches the long-term maintenance
dose (5 mg/d), which is used for several years. If urine
protein level decreased by less than 30% after 4 to 8
weeks of treatment, the prednisone dose was gradually
reduced until it was discontinued.13

IMiD Group

The IMiD group was treated with thalidomide in
combination with dexamethasone (thalidomide and
dexamethasone) and lenalidomide in combination with
dexamethasone lenalidomide and dexamethasone).

TD: Modified protocol based on the work of Palla-
dini et al.14 for the treatment of renal amyloidosis was
used. The initial dose was 100 mg/d thalidomide and 40
mg/week dexamethasone, which was increased by 25
mg every 1 to 2 weeks to a maximum dose of 200 mg/
night thalidomide if no obvious adverse reactions were
detected. The thalidomide doses did not need to be
adjusted in patients with renal insufficiency.

RD: The lenalidomide dose was adjusted according
to renal function as follows: (i) eGFR $60 ml/(min.1.73
m2), lenalidomide 25 mg/d; (ii) 30 # eGFR < 60 ml/
(min.1.73 m2), lenalidomide 10 mg/d; and (iii)
eGFR <30 ml/(min.1.73 m2), lenalidomide 7.5 mg/d.
Lenalidomide was administered for 21 days and dis-
continued for 7 days, and dexamethasone (40 mg/week)
was administered on days 1, 8, 15, and 22.15

BD/RTX Groups

RTX: This group was treated with 375 mg/m2 ritux-
imab once every 3 months.16

BD: This group was treated with 1.3 mg/m2 borte-
zomib and 40 mg/d dexamethasone once a week for 4
weeks for 1 treatment cycle. Cyclophosphamide is not
included in this protocol.17

Severe adverse events are defined as those of grade 3
or higher according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (4.0)
and should be considered for dose reduction or delayed
dosing. Discontinuation is required if symptoms persist
without relief after dose reduction or deferral.

Hematological Examination

All patients underwent serum immunofixation elec-
trophoresis test and serum free light chain (sFLC) levels
and sFLC ratios were in the normal range of 0.37 to
3.1.18 Fifty-two patients underwent bone marrow bi-
opsies, and plasma cell clonality was determined by
flow cytometry (n ¼ 30).

Observations and Efficacy Analysis

The demographic, clinical, and laboratory parameters
of each patient at the time of renal biopsy were
recorded. The follow-up time and treatment informa-
tion for all patients were also obtained through August
2168
31, 2021. The details of clinical definitions are available
in Supplementary Appendix 1.

The definitions of renal remission were as follows:4

CR means urinary protein #0.5 g/d, and stable renal
function (�25%); partial remission means the urine
protein level was decreased by more than 50%. For
partial remission, nephrotic range proteinuria was
required to be decreased to less than 3.5 g/d, and renal
function was required to remain stable (�25%); no
response means achievement of neither CR nor partial
remission; relapse means worsening SCr or proteinuria
levels in the kidneys after a partial remission or CR.
Because serum M protein positivity and abnormal sFLC
ratios were detected in a small population of patients,
only the hematologic changes before and after treat-
ment are described. The endpoint was defined as fol-
lows:19 30% decline in eGFR or end-stage renal disease.

Data Analysis

Data were analyzed using SPSS 25.0 statistical software for
windows (SPSS Inc., Chicago, IL). Clinical variables are
presented as numbers and relative frequencies or medians
and interquartile ranges (IQRs). A t test or analysis of
variance was used to compare normally distributed
continuous variables, and the Mann–Whitney U test or
Kolmogorov–Smirnov test was used to compare non-
normally distributed continuous variables. The Kaplan-
Meier (K-M) method was used to compare differences in
the prognoses of patients receiving different treatment
regimens. Factors potentially affecting prognosis were
subjected to univariate Cox regression analysis, and those
with a P value<0.2 were included in the multivariate Cox
regression model. The binary logistic regression model
included factors with a P value <0.2 were included in
the multivariate logistic regression analysis.
P values <0.05 were considered statistically significant.

RESULTS

Clinical Manifestations, Hematological

Examination, and Renal Pathology

A total of 64 patients enrolled in this study were
divided into 3 groups based on the treatment strategy:
the IMiD group (28 patients, 23 received thalidomide, 5
received lenalidomide), the steroid group (26 patients)
and the BD/RTX group (10 patients, 1 received RTX, 9
received bortezomib). The male-to-female ratio among
all patients was 37:27, and the median follow-up time
was 20 (IQR, 10–37) months. The median age was 54
(IQR, 46–62) years, and the median urine protein level
was 3.65 (IQR, 2.21–6.35) g/24h. The median SCr con-
centration was 1.25 (IQR, 0.88–1.56) mg/dl, the median
eGFR rate was 60 (IQR, 45–89) ml/min per 1.73 m2 and
the median albumin concentration was 33.9 (IQR, 29.5–
38.1) g/l. Fifty-three patients had hypertension, and 9
Kidney International Reports (2022) 7, 2166–2175



Table 1. Baseline clinical characteristics, hematological parameters and renal pathologies of PGNMID patients in the different treatment
groups

Characteristics

Steroid group IMiD group BD/RTX group

P value(N [ 26) (N [ 28) (N [ 10)

Age (yr) 52 (42–60) 59 (48–67) 53 (46–62) 0.271

Male: female 16:10 15:13 6:4 0.829

Follow-up time (mo) 20 (9–44) 23 (9–36) 19 (11–35) 0.854

Hypertension n, % 19, 73% 25, 89% 9, 90% 0.232

Diabetes n, % 6, 23% 2, 7% 1, 10% 0.224

Anemia n, % 7, 26% 6, 21% 4,40% 0.521

Proteinuria (g/24 h) 2.75 (1.77–6.34) 3.65 (2.23–5.84) 4.85 (2.66–7.20) 0.331

Serum creatinine (mg/dl) 1.17 (0.70–1.64) 1.22 (0.98–1.46) 1.44 (0.92–1.77) 0.434

eGFR (ml/[min.1.73 m2]) 60.5 (41.5–97.5) 61.5 (47.2–78.5) 50.8 (35.5–80.5) 0.484

Serum albumin (g/l) 35.5 (28.8–39.3) 34.7 (29.9–37.2) 30.8 (28.6–33.3) 0.328

Low C3 n, % 9, 34% 16, 57% 5, 50% 0.247

M spike n, % 1, 3% 7, 25%a 4, 40%b 0.029a, 0.005b

Abnormal sFLC ratio n, % 0 2, 7% 1, 10% 0.319

Monoclonal plasma cell n, %c 2/6, 33% 8/19, 42% 2/5, 40% NC

Light microscopy MPGN 22 27 9 NC

MsPGN 4 1 1

Immunofluorescence k-IgG3 19 17 8 NC

l- IgG 3 3 2 0

k- IgG 1 2 3 1

l- IgG 1 1 2 0

l-IgA 0 2 1

k- IgG 2 1 0 0

k- IgG 4 0 1 0

l-IgM 0 1 0

IFTA Mild n 11 12 5 NC
Moderate n 10 14 4
Severe n 5 2 1

Glomerulosclerosis % 25�21 22�21 24�17 0.804

Crescents n, % 8, 30% 7, 25% 1, 10% 0.436

BD/RTX, bortezomib and dexamethasone/rituximab; eGFR, estimated glomerular filtration rate; IFTA, interstitial fibrosis and tubular atrophy; IMiDs, immunomodulatory drugs; PGNMID,
proliferative glomerulonephritis with monoclonal immunoglobulin deposits; NC, not comparable; sFLC, serum free light chain.
aSteroid group and IMiD group.
bSteroid and BD/RTX groups.
cFifty-two patients underwent bone marrow biopsy. This column shows the positive patients/bone marrow biopsy patients.
Clinical variables are presented as numbers and relative frequencies or medians and interquartile ranges in this table.
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patients had diabetes mellitus. The levels of C3 were
low in 30 patients, and 17 patients were anemic.

All patients were subjected to detected M protein in
the sera and sFLC. The M protein was detected in the sera
of 12 patients (18%), and the sFLC ratio was abnormal in
3 patients. Flow cytometry analysis was performed in 30
patients, and monoclonal plasma cells were found in 12
patients. A total of 19 patients (29%) were found to have
a hematological monoclonal presence. The blood and
bone marrow examination and distribution are as follows
in Supplementary Table S1.

The rate of serum M protein detection in the steroid
group was significantly lower than in the IMiD group
and the BD/RTX group. The other parameters,
including the levels of SCr, proteinuria and eGFR, were
comparable among the 3 groups.

All patients were subjected to renal biopsy. Light
microscopy analysis revealed membranoproliferative
changes in the predominant lesions of 58 patients, and
mesangial proliferative changes were found in 6
Kidney International Reports (2022) 7, 2166–2175
patients. The mean numbers of sclerotic glomeruli and
crescents were similar among the 3 groups. Immuno-
fluorescence revealed 52 patients with k positivity, 12
patients with l positivity, 49 patients with IgG3 pos-
itivity, 9 patients with IgG1 positivity, 1 patient with
IgG2 positivity, 1 patient with IgG4 positivity, 3 pa-
tients with IgA positivity, and 1 patient with IgM
positivity. The baseline characteristics of the patients
in each group are provided in Table 1.
Renal Responses and Associated Factors

In the steroid group, the initial dose of steroid was
calculated according to body weight and the median
dose is 30 (IQR, 27.5–37.5) mg/d and the median treat-
ment duration was 20 (IQR, 9–44) months. The dose of
thalidomide is approximately 100 (IQR, 50–200) mg/
d and the dose of lenalidomide is about 15 (IQR, 10–25)
mg/d with 23 (IQR, 9–36) months in the IMiD group.
The median number of treatment cycles in BD/RTX
2169



Table 2. Renal and hematologic remission in the different groups

Remission Steroid group (N [ 26) IMiD group (N [ 28)
BD/RTX group
(N [ 10) P value

Renal remission experienced during the treatment period n, % 11, 42% 18, 64% 6, 60% 0.251

CR n, % 6, 23% 15, 53%a 5, 50% 0.022a

Relapse n, % 6, 54% 0a 0b <0.001a, 0.04b

Renal remission achieved at the last follow-up n, % 5, 19% 18, 64%a 6, 60%b 0.001a, 0.03b

CR n, % 2, 7% 15, 53%a 5, 50%b 0.001a, 0.01b

Median time to renal remission (mo) 8 (2–10) 4 (2–9) 4 (2–14) 0.874

Median time to renal CR (mo) 20 (9–23) 15 (11–24) 9 (7–24) 0.969

Median time to relapse (mo) 34 (20–47) NC NC NC

M spike positivity turned negative n 0/1 0/7 2/4 NC

Abnormal sFLC ratio returned to normal n, % 0 1/2 1/1 NC

BD/RTX, bortezomib and dexamethasone/rituximab; CR, complete remission; ImiDs, immunomodulatory drugs; NC, not comparable; sFLC, serum free light chain.
aSteroid group and IMiD group.
bSteroid group and BD/RTX group.
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group receiving RTX or bortezomib was 4 (IQR, 2–5)
cycles with bortezomib 2.3(1.9–2.4) mg or RTX 700 mg.

At the last follow-up time, the median urinary protein
and SCr in the steroid group increased from 2.75 (1.77–
6.34) g/24h to 3.58 (1.14–7.57) g/24h, and from 1.17 (0.7–
1.64) mg/dl to 1.47 (0.97–2.79) mg/dl, respectively;
whereas those of the IMiD group decreased from 3.65
(2.23–5.84) g/24h to 0.62 (0.36–3.44) g/24h, and from
1.22 (0.98–1.46) mg/dl to 1.08 (0.91-1.85) mg/dl,
respectively; and those of the BD/RTX from 4.85 (2.66–
7.20) g/24h to 1.48 (0.32–8.97) g/24h, 1.44 (0.92–1.77)
mg/dl to 1.26 (0.91–1.83) mg/dl, respectively.

During the treatment period, 11 (42%), 18 (64%)
and 6 (60%) patients achieved renal remission in the
steroid, IMiD and BD/RTX groups, among which 6
(23%), 15 (53%) and 5 (50%) patients achieved renal
CR, respectively. The median times to renal remission
were 8 (IQR, 2–10) months, 4 (IQR, 2–9) months, and 4
(IQR, 2–14) months in the steroid group, IMiD group
Figure 2. Renal remission rates in different groups at last follow-up time
remission; IMiD, immunomodulatory drug; NR, no response; PR, partial re

2170
and BD/RTX group respectively. The median time to
renal CR were 20 (IQR, 9–23) months, 15 (IQR, 11–24)
months, and 9 (IQR, 7–24) months in the steroid group,
IMiD group and BD/RTX group respectively. The me-
dian time to renal remission and renal CR did not
significantly differ among the 3 groups. During the
follow-up period, 6 patients treated with steroid suf-
fered a relapse, and the median time to relapse was 34
(IQR, 20–47) months. No patients in the IMiD and BD/
RTX group relapsed.

The complete renal remission rate in the IMiD group
was significantly higher than that in the steroid group
(53% vs. 23%, P ¼ 0.022). The remission rates in the
IMiD group and BD/RTX group did not significantly
differ. The rates of relapse in the steroid group were
also significantly higher than those in the IMiD group
(P < 0.001) and BD/RTX group (P ¼ 0.04).

The hematologic examination revealed that only 2
patients from BD/RTX group had M protein positivity
. BD/RTX, bortezomib and dexamethasone/rituximab; CR, complete
mission.

Kidney International Reports (2022) 7, 2166–2175



Table 3. Logistic analysis of factors affecting renal remission

Factors

Binary logistic Multivariate logistic

OR (95% CI) P value OR (95% CI) P value

Hypertension 0.406 (0.106–1.556) 0.188 0.103 (0.015–0.705) 0.021

Serum creatinine >1.24 mg/dl 0.240 (0.069–0.841) 0.026 0.129 (0.023–0.733) 0.021

M spike 2.952 (0.787–11.073) 0.128

Low C3 3.316 (1.126–8.738) 0.029 4.058 (1.048–15.714) 0.043

Sclerotic glomerulia 0.393 (0.123–1.261) 0.116

Treatment groups

Steroid group 1 -

IMiD group 7.560 (2.178–26.242) 0.001 9.111 (1.537–54.013) 0.015

BD/RTX group 6.300 (1.275–31.124) 0.024 12.062 (1.359–107.026) 0.025

BD/RTX, bortezomib and dexamethasone/rituximab; CI, confidence interval; IFTA, interstitial fibrosis and tubular atrophy; ImiDs, immunomodulatory drugs; OR, odds ratio.
aSclerotic glomeruli percentage was classified according to 10%.
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that turned negative. The sFLC ratio returned to normal
in one patient from the IMiD group and in 1 patient
from BD/RTX group. Further bone marrow biopsy was
not performed for most patients during the follow-up
period (Table 2). The renal remission rates in different
groups at last follow-up is shown in Figure 2. In addi-
tion, the details of the 19 patients with monoclonal
presence regarding to the treatment and response in
each group is shown in Supplementary Figure S1.

Logistic analysis demonstrated that the SCr level,
low C3 level, and treatment variables were associated
with renal remission. After multivariate logistic
regression analysis, hypertension and a high SCr level
(>1.24 mg/dl) were less likely to achieve renal remis-
sion. Patients with low C3, IMiD, and BD/RTX pro-
tocols were more likely to achieve renal remission (P <
0.05), as detailed in Table 3.

Prognosis

During the follow-up period, 1 patient in the BD/RTX
group died, and endpoint event was reported in 12, 5
and 1 patient(s) from the steroid, IMiD and BD/RTX
groups, respectively; among these patients, 4, 1, and 1
patient(s), respectively developed end-stage renal dis-
ease. One patient from BD/RTX group died from
myocardial infarction after he developed end-stage
renal disease. The probability of renal survival was
calculated using the Kaplan-Meier method, indicating
no significant differences in renal survival among the 3
groups (P ¼ 0.245). The renal prognosis of patients in
the clone-directed treatment group (IMiDs and BD/
RTX) was better than that of patients in the steroid
group, but the difference was not statistically signifi-
cant (P ¼ 0.105) (Figure 3a and 3b).

Univariate Cox analysis revealed that higher SCr
level (hazard ratio 2.722, 95% confidence interval
1.446–5.124, P ¼ 0.002) was a factor for progression to
endpoint event. Two variables (high SCr level and
IgG3) remained independent risk factors for
Kidney International Reports (2022) 7, 2166–2175
progression to endpoint event after multivariate logis-
tic analysis, as detailed in Table 4.
Severe Adverse Events

The incidence rates of severe adverse events were 23%,
46% and 60% in the steroid, IMiD and BD/RTX groups,
respectively. The incidence rates of severe adverse
events were higher in the IMiD and BD/RTX groups
than in the steroid group (P ¼ 0.073 and P ¼ 0.035,
respectively) (Table 5). In the IMiD group, peripheral
neuropathy, constipation, infection, anemia, and skin
lesions were the most common complications. Among
them, peripheral neuropathy and constipation were
mainly found in patients treated with TD, anemia and
skin lesions in patients treated with RD. In most pa-
tients, adverse reactions were improved after the dosage
of dexamethasone, thalidomide, or lenalidomide was
reduced. The IMiD group was 28 patients, including 23
with thalidomide and 5 with lenalidomide. Two patients
(2 of 23, 8%) treated with TD were switched to steroid
treatment due to peripheral neuropathy intolerance. One
patient (20%) with lenalidomide discontinued for severe
anemia and the other patient (20%) reduced the dose
due to the decreasing trend of hemoglobin. Also, 11
patients (47%) with thalidomide had a dose reduction
because of adverse events.

Infection was most commonly found in the steroid
and BD/RTX group. The BD treatment cycle was dis-
continued in 1 patient after the fourth cycle due to acute
cerebral infarction. The adverse reactions improved after
symptomatic treatment or dosage reduction.
DISCUSSION

We demonstrated for the first time that IMiDs, such as
thalidomide and lenalidomide, in combination with
dexamethasone are effective for the treatment of PGNMID,
achieving a renal remission rate of 18 of 28 (64%).
2171



Figure 3. (a) Renal survival analysis of patients in the different groups through the study endpoint. (b) Renal survival of patients in the steroid
and not steroid groups through the study endpoint. BD/RTX, bortezomib and dexamethasone/rituximab; IMiDs, immunomodulatory drugs.
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Dexamethasone may have played a significant role in
rates of remission. In fact, glucocorticoids exert
antagonistic effects against plasma cell diseases by
indirectly repressing target genes through the inhibi-
tory interaction of glucocorticoid receptor monomers
with transcription factors, including nuclear factor kB
and activator protein-1.20 The efficacy of dexametha-
sone alone in the treatment of plasma cell disease is
poor. It is used in combination with almost all anti-
plasmacytosis regimens, usually in pulsed (once daily
2172
for 4 days) or once weekly dosing. In addition, Nasr
et al.1,3 reported a PGNMID patient with a SCr con-
centration of 2 mg/dl and a moderate-to-severe degree
of interstitial fibrosis, failed to achieve remission after
treated with TD. In our study, the median SCr con-
centration among 28 patients receiving immunomodu-
latory therapy was 1.22 (IQR, 0.98–1.46) mg/dl, and 26
patients had mild or moderate renal interstitial fibrosis.
The renal function and the degree of interstitial fibrosis
are favorable to the better renal remission rate in our
Kidney International Reports (2022) 7, 2166–2175



Table 4. Cox analysis of factors affecting renal survival

Factors

Univariate Cox Multivariate Cox

HR (95% CI) P value HR (95% CI) P value

Age (yr) 1.026 (0.990–1.063) 0.163

Serum creatinine 2.605 (1.437–4.722) 0.002 2.844 (1.491–5.424) 0.002

Ig subtype in renal
tissue

IgG3 1 - 1 -

Non-IgG3 0.302 (0.067–1.355) 0.118 0.173 (0.035–0.852) 0.031

CI, confidence interval; HR, hazard ratio.
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study. In addition, patients with PGNMID in our study
were treated with a low dose of thalidomide, and this
dose was gradually increased after no adverse reactions
were observed or adverse reactions were tolerated. Due
to diverse adverse reactions, thalidomide and lenali-
domide treatment may be discontinued due to intol-
erance, thereby affecting their efficacy. We followed 28
patients with PGNMID for 23 (IQR, 9–36) months, and
following more patients for a longer period could lead
to more clinically significant results. Our study
confirmed that a subset of patients achieved renal
remission or renal CR after 4 (IQR, 2–9) months and 15
(IQR, 11–24) months, respectively. Furthermore, ethnic
differences may lead to different responses to drugs.

Therapeutic efficacy can be affected by many fac-
tors, including hypertension, the SCr, C3 level, and
treatment regimen. Low C3 levels are suggestive of
dysregulation of an alternative pathway, because lower
serum C3 levels have been correlated with worse long-
term renal function.21 Nevertheless, our study showed
that PGNMID patients with low serum C3 levels had
better renal remission rates. This result may be
attributed to the patients treated with the clone-
directed regimens. Though there was no statistical
difference in the number of low C3 in the 3 groups, the
ratio of patients with low C3 was numerically higher in
the IMiD and BD/RTX group than in the steroid group.
Table 5. Comparison of severe adverse events among the different
treatment groups
Adverse events Steroid group IMiD group BD/RTX group P value

Total adverse events n, % 6, 23% 13, 46% 6, 60% 0.035a

Infections n, % 4, 15% 4, 14% 4, 40% 0.172

Herpes n, % 2, 7% 1, 3% 2,20% 0.251

Peripheral neuropathy n, % 0 6,21% 2,20% 0.924b

Constipation n, % 0 5,17% 2, 20% 0.881b

Anemia n, % 0 4, 14% 0 NC

Skin lesions n, % 0 3, 10% 0 NC

Acute cerebral infarction n, % 0 0 1, 10% NC

Death n, % 0 0 1,10% NC

BD/RTX, bortezomib and dexamethasone/rituximab; IMiDs, immunomodulatory drugs;
NC, not comparable.
asteroid group and BD/RTX group.
bIMiD group and BD/RTX group.
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IgG3 can activate complement system and is considered
to have a strong proinflammatory effect. The surface
binding of IgG3 molecules leads to persistent inflam-
mation, which may be one factor accounting for poor
renal prognosis.22

In this study, the most common adverse reaction to
the TD regimen was peripheral neuropathy. Two pa-
tients who achieved CR began receiving steroid treat-
ment because they could not tolerate peripheral
neuropathy. Thalidomide is currently believed to cause
peripheral neuropathy by inhibiting blood vessel
growth, leading to inadequate blood supply to pe-
ripheral nerves, inhibiting TNF-a, and blocking the
NF-kB pathway, thereby inducing nerve damage.23 For
patients exhibiting peripheral neuropathy, a reduction
in the dose or discontinuation of the drug, along with
the addition of gabapentin, vitamin B and amitripty-
line, can effectively relieve symptoms. The most com-
mon adverse events in patients who received the RD
regimen were anemia and skin lesions. The incidence
rates of rashes in clinical trials related to lenalidomide
varied widely, with a rash incidence rate of grade 3 and
above ranging from 2% to 12%.24 Although the exact
mechanism is unknown, lenalidomide has strong T-cell
immunomodulatory effects, which may be associated
with rash development.25 The administration of ste-
roids or antihistamines is recommended until the
symptoms disappear, and the medications need to be
stopped if they are not tolerated.

Compared to properties of bortezomib or dar-
atumumab based regimens, it is noticeable that IMiD
regimens have some restrictions. Because of the rela-
tively high occurrence rates of severe side effects,
thalidomide is now rarely used to treat myeloma. In
addition, there is concern about the tolerance of IMiDs
in patients with renal insufficiency.26,27 Nevertheless,
bortezomib or daratumumab was not affordable due to
the high cost especially for patients with PGNMID in
developing countries. Based on our results, accurately
monitored IMiDs may provide an option for these
patients.

Our study has some advantages over others on
PGNMID in the literature. We first found that the
immunomodulatory treatment approach was associated
with the achievement of renal remission in patients
with PGNMID. This study has the largest number of
patients and a long follow-up period, with a median
follow-up of 20 (IQR, 10–37) months. This study also
has several limitations. This was a single-center retro-
spective study that included a relatively small number
of patients in the BD/RTX group. The short follow-up
time of patients in the IMiD group may not have
been sufficient to predict the long-term prognosis.
Further prospective multicenter studies are needed to
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evaluate the efficacy and safety of immunomodulatory
therapies for PGNMID patients.

In summary, to the best of our knowledge, this
study is the first to report the therapeutic efficacy of
IMiDs in combination with dexamethasone for the
treatment of PGNMID. Close attention should be paid
to related adverse events, and the doses should be
monitored individually.
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