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Low-Molecular-Weight Proteins as Prognostic Markers
in Idiopathic Membranous Nephropathy
Jan A.J.G. van den Brand, Julia M. Hofstra, and Jack F.M. Wetzels

Summary

Background Accurate prediction of prognosis in idiopathic membranous nephropathy (iMN) allows restric-
tion of immunosuppressive therapy to patients at high risk for ESRD. Here we re-evaluate urinary low-
molecular-weight proteins as prognostic markers and explore causes of misclassification.

Design, setting, participants, & measurements In a cohort of 129 patients with serum creatinine concentra-
tion <135 wmol/L and proteinuria =3.0 g/10 mmol, urinary al- (ualm) and B2-microglobulin (uf2m) ex-
cretion rate was determined. Urinary alm and uB2m-creatinine ratio was also obtained. We defined pro-
gression as a rise in serum creatinine =50% or =25% and an absolute level =135 umol/L.

Results Median survival time was 25 months, and 47% of patients showed progression. The area under the
receiver operating characteristic curve for uf2m was 0.81 (95% CI: 0.73 to 0.89). Using a threshold value of
1.0 pug/min, sensitivity and specificity were 73% and 75%, respectively. Similar accuracy was observed for

the up2m-creatinine ratio with sensitivity and specificity of 75% and 73%, respectively, at a threshold of 1.0
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png/10 mmol creatinine. Similar accuracy was found for ualm and ualm-creatinine ratio. Blood Pressure
and cholesterol contributed to misclassification. Repeated measurements improved accuracy in patients
with persistent proteinuria: the positive predictive value of up2m increased from 72% to 89% and the nega-

tive predictive value from 76% to 100%.

Conclusions Urinary excretion of ua2m and up2m predict prognosis in iMN. A spot urine sample can be
used instead of a timed sample. A repeated measurement after 6 to 12 months increases prognostic

accuracy.
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Introduction
Idiopathic membranous nephropathy (iMN) is an im-
portant cause of nephrotic syndrome in adults (1).
Spontaneous remission of proteinuria occurs in 30%
to 50% of patients (2,3). Despite treatment with angio-
tensin converting enzyme (ACE) inhibitors, angioten-
sin II receptor blockers (ARB) and statins, between
25% and 50% of patients show progressive loss of
renal function (4,5). Although alkylating drugs im-
prove outcome in patients with iMN (6-8), these
agents often have adverse effects such as bone mar-
row depression, infections, and increased risk of can-
cer (8). Therefore, one should restrict their use to
patients at highest risk of progression to ESRD.
There has been an extensive search for tools that
differentiate between patients with a favorable and
poor prognosis (9). Histologic markers appeared to be
of limited value, whereas the severity of proteinuria is
a better marker for outcome (2-4,10). Remission of
proteinuria or increased serum creatinine concentra-
tion during follow-up are the most powerful predic-
tors of outcome; however, these are late events
(11,12). In past decades, several specific urinary pro-
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teins were evaluated as early prognostic markers.
Candidates such as TGF-B, BNAG (N-acetyl-beta-glu-
cosaminidase), IgG, complement factors, urinary al-
and B2-microglobulin (ualm and uB2m) have been
proposed (13-19). In a previous study of 57 patients
we showed that ulgG and uf2m can accurately pre-
dict prognosis (20). Because conservative treatment
and prognosis may have changed in recent years, we
re-evaluated the data.

Here we report the value of ualm, ug2m, and ulgG
as predictors of outcome in a cohort of 129 patients
with iMN. In addition we evaluate the role of these
markers in clinical practice using low-molecular-
weight protein-creatinine ratios. We also analyzed
possible causes of misclassification and the value of
repeated measurements.

Study Population and Methods
Population

Patients with biopsy-proven iMN who attended
our clinic for urinary analysis between January 1995
and June 2009 were assessed for this study. Inclusion
criteria were normal renal function, defined as serum
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creatinine <135 umol/L (=1.5 mg/dl), proteinuria =3.0
g/10 mmol creatinine, and an interval between biopsy and
urinary analysis <3 years. Exclusion criteria were partici-
pation in the intervention arm of a immunosuppressive
therapy trial (21), follow-up duration <1 year, or treatment
with immunosuppressive drugs before urinary analysis.
Follow-up was completed until an end point was reached
or until June 2010. Patients were followed at our hospital or
by nephrologists in referring centers. Patients were treated
with diuretics and were given dietary sodium restriction,
ACE inhibitors and/or ARBs and statins according to ex-
isting guidelines. Immunosuppressive therapy was ad-
vised only in patients with deteriorating kidney function
or severe untreatable nephrotic syndrome. Patients with
persistent proteinuria were invited for a repeated evalua-
tion after 6 to 12 months.

Data Collection

Details of our protocol for the evaluation of patients with
iMN are described elsewhere (20). Patients were instructed
to fast overnight and take sodium bicarbonate to alkalinize
urine on the evening before urinary analysis, because f2m
disintegrates in acidic urine. They did not take diuretics on
the morning of urinary analysis. Timed urine samples
were collected, and blood samples were taken. IgG and
ualm were measured using a BNII nephelometer (Behring,
Marburg, Germany), and uB2m was measured using
ELISA (22). The excretion of total protein and low-molec-
ular-weight proteins was standardized against urinary cre-
atinine concentration, to obtain a urine protein-creatinine
ratio. Data on serum creatinine concentration, urinary pro-
tein, and creatinine excretion during follow-up and use of
immunosuppressive therapy, ACE inhibitors, ARBs, and
lipid-lowering drugs were gathered from medical records.

Definition of End Points

We defined progression as (1) a rise in serum creatinine
>50%, (2) a rise in serum creatinine >25% and an absolute
level =135 umol/L, or (3) the need for immunosuppres-
sive therapy because of severe nephrotic syndrome as
judged by the treating physician (23). Partial remission of
proteinuria was defined by urinary protein excretion <2.0
g/10 mmol creatinine with stable serum creatinine. We
also applied the definition of partial remission as sug-
gested by Troyanov et al. (proteinuria <3.5 g/d and a
reduction of >50% with a stable kidney function) (2). Re-
mission was considered complete when protein excretion
was <0.2 g/10 mmol creatinine. Spontaneous remission
means it occurred without immunosuppressive therapy.

Statistical Analyses

All analyses were performed with Stata 10 (StataCorp
LP, College Station, Texas). Median values and interquar-
tile ranges were calculated. Incidence of patient outcomes
was plotted using the competing risks method. The area
under the receiver operating characteristic curve (ROC-
AUC) was calculated to compare prognostic value of uri-
nary markers. We determined cutoff values so that false-
positive and false-negative rates would be minimal and
the proportion of correctly classified patients was max-
imized, and we calculated sensitivity, specificity, and
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positive and negative predictive values (PPV and NPV,
respectively). Finally, we created a logistic model using
a backward stepwise algorithm with exclusion at P > 0.10
and reinclusion at P < 0.05. The model’s ROC-AUC was
compared with the AUC for either ualm or uf2m to evaluate
if it added to prognostic power. Sources of misclassification
were explored by tabulation of baseline characteristics by
classification and outcome. One-way ANOVA or chi-squared
tests were used to compare the four groups. Classification
according to repeated measurements was cross-tabulated by
outcome to explore the value of repeated measurements.

Results
Population Characteristics

Between January 1995 and June 2009 we evaluated 300
patients with biopsy-proven iMN. One hundred sixty-nine
patients met criteria for enrollment (Figure 1). In 17 pa-
tients follow-up was less than 12 months. No follow-up
data were available for 23 patients. Thus, 129 patients
were available for analysis. Baseline characteristics are
presented in Table 1. The majority of patients was male
and middle aged. Median serum creatinine concentra-
tion was 88 umol/L (interquartile range [IQR] 76 to 103),
and median proteinuria was 8.0 g/10 mmol creatinine
(IQR 5.6 to 10.7). Urinary excretion of low-molecular-
weight proteins was increased, with median ualm and
uB2m excretion of 41 (reference <10) and 0.6 (reference
<0.2) ug/min, respectively. Virtually all patients (99%)
received ACE inhibitors and/or ARBs during follow-up,
and the majority (90%) were treated with lipid-lowering
medication.

Outcomes

Clinical outcome is reported in Table 1 and illustrated in
Figure 2. Sixty patients (47%) showed progression. In 30
patients serum creatinine concentration increased by
>50%, in 24 patients serum creatinine concentration in-
creased >25% and reached values =135 umol/L, and six
patients started immunosuppressive therapy because of
severe nephrotic syndrome. Of the patients showing pro-
gression, 47% did so within 12 months, 72% within 24
months, and all within 5 years. In 63 patients proteinuria
spontaneously decreased by >50% and reached values

| Biopsy proven iMN (n=300) |

Treated before urine
analysis (n=5)

Serum creatinine > 135
umol/l (n=47)

More than 3 years between
biopsy and urine analysis
(n=32)

Proteinuria <3.0 g/ 10
mmol (n=26)

| Included in other trial (n=21) |

A
| Determine outcome (n=169) |

Follow-up < 12 months
(n=17)

No follow-up available
(n=23)

Included in the current
study (n=129)

Figure 1. | Flowchart of the inclusion of patients.
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Table 1. Baseline characteristics of patients with idiopathic membranous nephropathy
Number of subjects (% male) 129 (68%)
Age at time of biopsy (years)” 51 (43 to 61)
Time between biopsy and urine analysis (months)® 2(1to4)
Survival time (months)® 25 (13 to 51)
MAP (mmHg)? 97 (86 to 106)
Laboratory®
serum creatinine (umol/L) 88 (76 to 103)
serum albumin (g/L) 23 (19 to 28)
serum cholesterol (mmol/L) 73(.7t09.2)
eGFRyprps (ml/min per 1.73 m?) 75 (60 to 87)
Urine samples
proteinuria (g/10 mmol creatinine)® 8.0 (5.6 t0 10.7)
proteinuria <4.0 g/10 mmol (%) 9
proteinuria =4.0 and <8.0 g/10 mmol (%) 41
proteinuria =8.0 and <12 g/10 mmol (%) 35
proteinuria =12 g/10 mmol (%) 15
B2-microglobulin (pg/min)? 0.6 (0.2t0 4.8)
al-microglobulin (pg/min)® 41 (23 to 72)
IgG (mg/24 h)* 257 (116 to 490)
B2-microglobulin (mg/10 mmol creatinine)® 0.9 (0.3t07.0)
al-microglobulin (mg/10 mmol creatinine)® 36 (57 to 113)
IgG (mg/10 mmol creatinine)® 262 (110 to 485)
Selectivity index® 0.19 = 0.09
Medication (%)
ACEi/ARB use at time of biopsy 22
ACEi/ARB use during follow-up 99
statin use at time of biopsy 13
statin use during follow-up 90
Outcomes
progression (%) 47
50% rise in serum creatinine (1) 30
25% rise and serum creatinine =135 umol/L (n) 24
clinical progression (1) 6
spontaneous remission (%) 47
partial remission [<2 g/10 mmol] (n) 61
partial remission [<3.5 g/10 mmol and 50% reduction] (1) 63
complete remission (%) (1) 26
MAP, mean arterial pressure; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; eGFRyprpa,
estimated GFR calculated with the Modification of Diet in Renal Disease formula.
# Values are median with interquartile range in parentheses.
P Values are means *+ SD.

<3.5 g/d. With the exception of two cases, proteinuria in
these patients decreased to concentrations <2.0 g/10 mmol
creatinine. Twenty-three percent of patients who devel-
oped spontaneous remission (<2.0 g/10 mmol creatinine)
did so within 12 months, 59% within 24 months, and 97%
within 5 years. Forty-three percent of the patients who
went into partial remission eventually had a complete
remission of proteinuria.

Prognostic Value of uaim and u2m

We plotted an ROC curve for the prognostic accuracy of
ualm, uB2m, and ulgG excretion (Figure 3, left). ROC-
AUC was 0.81 (95% confidence interval: 0.73 to 0.88) for
ualm, 0.81 (0.73 to 0.89) for uB2m, and 0.75 (0.66 to 0.84)
for ulgG. ROC curves for ualm and uf2m and ulgG-
creatinine ratios are presented in Figure 3 (right). The
ratios yielded similar ROC-AUCs: 0.80 (0.72 to 0.87), 0.80
(0.72 to 0.88), and 0.74 (0.66 to 0.83) for ualm, uB2m, and

ulgG, respectively. The optimal cutoff value for the excre-
tion of uf2m based on our current data is 1.0 wg/min
(Table 2). At this threshold, the PPV and NPV were 72%
and 76%, respectively. For ualm, a threshold value was
determined at 50 pug/min, with a PPV of 76% and NPV of
73%. When excretion was standardized for urinary creati-
nine concentration, threshold values were 1.0 ug/10 mmol
creatinine and 75 mg/10 mmol creatinine for uB2m and
ualm, respectively (Supplementary Table S1).

Sources of Misclassification

To evaluate potential sources of misclassification, we
tabulated baseline characteristics by classification based on
uP2m excretion rate (Table 3). In general, progressors
showed higher median serum creatinine (110 and 90 versus
80 and 86 umol/L) and cholesterol concentrations (8.4 and
8.5 versus 6.5 and 6.1 mmol/L) than nonprogressors. Mean
arterial pressure (MAP) (94 versus 93 mmHg) and protein-
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Figure 2. | Patient outcomes. The solid line represents renal survival
without progression. The dot and dashed line represents partial
remission defined as proteinuria <3.5 g/d and <50% since baseline,
the long dashed line partial remission (proteinuria <2.0 g/d), and the
short dashed line complete remission (proteinuria <0.2 g/d).

uria (5.5 versus 6.2 g/10 mmol creatinine) were remarkably
similar between misclassified progressors and correctly
classified low-risk patients, whereas serum albumin levels
were markedly higher in nonprogressing patients whose
uP2m was <1.0 pg/min than in progressors (27 versus 23
g/L). To further improve prognostic accuracy, we created
two models, one based on uf2m and the other on ualm.
We included baseline MAP, serum cholesterol, serum cre-
atinine, serum albumin, and proteinuria. All predictors
were log-transformed, and a stepwise backward selection
algorithm was used. The model including uf2m also re-
tained serum cholesterol and creatinine as independent
predictors, and its ROC-AUC was 0.85 (0.79 to 0.92). A
similar model including ualm had an ROC-AUC of 0.86

1.00 4

0.754

0.50 4

Sensitivity

0.254

0.00 1
0.00

0.25 0.75 1.00

0.50 .
1-Specificity
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(0.80 to 0.93). The final models are presented in Supple-
mentary Table S2.

We questioned if tubulointerstitial damage could be of
value. In 95 patients the interval between kidney biopsy
and urine analysis was <3 months. Forty-seven biopsies
were available for review. Tubulointerstitial injury (scored
0 to 3) correlated with up2m (r = 0.58). However, the
tubulointerstitial injury score did not improve the predic-
tive accuracy in individual patients and did not explain
discordances (Supplementary Table S3).

Repeated Measurements

We analyzed data of 44 patients with persistent protein-
uria who underwent repeated urinary measurements.
Baseline characteristics did not differ from total study pop-
ulation characteristics (Supplementary Table S4). At the
time of repeated measurements, patients generally had
lower BP (MAP 95 versus 89 mmHg) and serum cholesterol
values (7.8 versus 6.0 mmol/L) compared with baseline,
likely due to intensified conservative treatment. Median
serum creatinine concentrations (85 versus 97 umol/L) and
uB2m (0.5 versus 1.1 pug/min) were higher. We tabulated
uB2m at baseline and repeated measurement by outcome
in Table 4. Patients with a uf2m above 1.0 ug/min at both
measurements invariably showed progression (n = 11). In
contrast, none of the 17 patients with uf2m <1.0 ug/min
at two measurements showed progression. Fifteen (88%) of
them went into spontaneous remission. Four patients with
uB2m > 1.0 at baseline had up2m below the threshold at
the repeated measurement. Three of them did show pro-
gression. In all three patients BP was greatly reduced at the
time of the repeated measurement, with a decrease in MAP
of 7, 16, and 22 mmHg, respectively, leading to very low
MAP of 69 and 81 mmHg in two of them. In summary,
when uf2m was =1.0 ug/min in at least one of two
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Figure 3. | Left: ROC curves for prognostic accuracy of urinary excretion rate of a1- (dashed line) and B2-microglobulin (solid line) and IgG (dot
and dashed line). Both a1- and B2-microglobulin excretions rates are expressed in ug/min and 1gG in mg/24 h. Areas under the curve were as
follows: uaTm: 0.81 (95% confidence interval: 0.73 to 0.88), uB2m: 0.81 (0.73 to 0.89), and IgG: 0.75 (0.66 to 0.84). Right: ROC curves for the
prognostic accuracy of a1- (dashed line) and B2-microglobulin (solid line) and IgG (dot and dashed line). When expressed as mg/10 mmol creatinine.
Areas under the ROC curve were as follows: ualm/creat: 0.80 (0.72 to 0.87), uB2m/creat: 0.80 (0.72 to 0.88), and ulgG/creat: 0.74 (0.66 to 0.83).
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Table 2. Test characteristics for urinary low-molecular-weight protein excretion to predict progression in 129 iMN patients
Sensitivit Specificit PPV NPV False False Test
lhmeslele. el @) P %) (%)  Positives (1)  Negatives (1)  Positives (1)
uf2m
=0.5 pug/min 80 67 68 79 23 12 71
=1.0 pg/min 73 75 72 76 17 16 61
=1.5 pug/min 65 83 76 73 12 21 51
=2.0 pg/min 58 83 76 70 12 24 47
=2.5 pg/min 55 84 75 68 11 27 44
ualm
=40 pg/min 77 71 70 78 20 14 66
=50 pg/min 65 83 76 73 12 21 51
=60 pg/min 57 86 77 69 10 26 44
=70 pg/min 45 88 77 65 8 33 35
=80 pg/min 42 90 78 64 11 27 44
iMN, idiopathic membranous nephropathy; PPV, positive predictive value; NPV, negative predictive value; uf2m, urinary
B2-microglobulin; ualm, urinary al-microglobulin. Test positives are the number of patients with a urinary al- and
B2-microglobulin excretion greater than the threshold value.

measurements, PPV for progression was 89%, and when
uf2m was <1.0 ug/min at both occasions, the NPV was
100%.

Discussion

We evaluated urinary excretion of ualm and uB2m as
prognostic markers in a cohort of 129 iMN patients with
nephrotic range proteinuria and normal serum creatinine
concentration. Approximately half of the patients showed
progression, and the other half went into spontaneous
remission. This illustrates that the “rule of thirds” does not
apply to iMN patients who present with the nephrotic
syndrome and normal kidney function (24). The majority
of patients (61%) reached either disease progression or
partial remission within 24 months and 92% within 5 years
of follow-up.

Our data indicate agreement between two commonly
used definitions of partial remission, i.e. proteinuria <2
versus 3.5 g/d and a decrease >50% from baseline (2). In
our population, concordance between the two definitions
was almost perfect, and only time to remission varied
slightly. Patients with high baseline proteinuria tend to
achieve remission sooner when the latter definition is used,
whereas patients with limited baseline proteinuria have
proteinuria <2 g/d before a reduction of 50% is achieved.
Thus, our data support the use of the definition proposed
by Troyanov et al. (2).

We confirmed the prognostic value of up2m. However,
the AUC was lower than reported in our previous study:
0.81 (95% confidence interval: 0.73 to 0.89) versus 0.94 (0.87
to 1.00) (20). This difference may be caused by a distinction
in the definition of end points. In our previous study, renal
death was defined as a rise in serum creatinine =50% or an
absolute level more than 135 umol/L. In the current study,
the second criterion also included a 25% rise in serum
creatinine, because an absolute value could lead to biased
results (19). Second, we used stricter inclusion criteria in
the current study, excluding patients with limited protein-
uria. Furthermore, when we inspected baseline character-
istics of patients in our current cohort by year of referral,
we noted a decline in baseline serum creatinine, albumin,

and cholesterol, a lower MAP over time, and shortened
time between biopsy and urine analysis (Supplementary
Table S5). Higher referral rates and lower baseline ACE
inhibitor and ARB use in recent years point toward earlier
referrals by participating nephrologists.

Timed urine samples are not routinely taken in all hos-
pitals, and uB2m should be measured after alkalinization
of urine by overnight bicarbonate intake. Our current data
suggest that a timed measurement of low-molecular-
weight protein excretion may not be necessary. Both alm
and B2m related to urinary creatinine concentration had
the same prognostic power as the timed excretion. Con-
trary to uf2m, ualm measurement does not require alka-
linization, and it can be measured using a nephelometric
assay; thus, a spot urine taken at the out-patient clinic for
measurement of ualm-creatinine ratio may be sufficient to
predict prognosis.

We attempted to find explanations for the discordance
between predicted and actual progressive disease by com-
paring patient characteristics stratified for prediction and
outcome. We observed notable differences in serum cho-
lesterol, creatinine, and the ratio between serum albumin
and proteinuria. A model that included these variables
slightly improved prognostic power. We hypothesize that
the higher cholesterol values reflect increased hepatic syn-
thesis and are indicative of higher unmeasured protein
losses due to tubular hypermetabolism. Alternatively, the
high cholesterol levels may contribute to progressive renal
injury. Although based on a limited number of biopsies,
our data suggest evaluation of tubulointerstitial damage is
of no added value.

We evaluated if repeated measurements of ualm and
uB2m would improve prognostic accuracy. Repeated mea-
surements were done in patients with persistent protein-
uria. When one of the measurements was above the uf2m
threshold value of 1.0 pug/min, 89% of patients showed
progression. Conversely, when both measurements were
<1.0 ug/min, none of the patients showed progression
(NPV = 100%). Noteworthy, the data show that changes in
BP can influence the results. Low levels of uf2m and ualm
in the face of very low BP cannot be used with confidence.
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with repeated measurements

Measurement

Table 4. Classification according to uB2m excretion at baseline and repeated measurement versus patient outcome in 44 patients

Outcome (n)

Baseline Repeated Progression No Progression
uB2m = 1.0 pg/min ufB2m = 1.0 ug/min 11 0
uB2m = 1.0 ug/min uB2m < 1.0 ug/min 3 1
uf2m < 1.0 pg/min uf2m = 1.0 pg/min 10 2
uB2m < 1.0 pg/min upB2m < 1.0 pg/min 0 17

The positive predictive value for patients with a least one measurement =1.0 ug/min was 89%. The negative predictive value for
patients with both measurements <1.0 ug/min was 100%. Of the 11 patients who were classified as progressors and had

uB2m > 1.0 ug/min, three had a 50% rise in serum creatinine, seven had a 25% rise and serum creatinine >135 umol/L, and one
patient had severe nephrotic syndrome. uf2m, urinary B2-microglobulin.

Alternatively the opposite may also hold true, although we
do not have hard data to confirm this.

Our study has several limitations. Our end point to
define renal failure can be criticized. However, we feel that
it is not justified to delay start of immunosuppressive
therapy until doubling of serum creatinine. If we calculate
estimated GFR (eGFR) using the abbreviated Modification
of Diet in Renal Disease formula, 88% of the patients who
fulfilled our definition of renal failure had an eGFR value
below 60 ml/min per 1.73 m> We performed additional
analyses with occurrence of eGFR <60 ml/min per 1.73 m*
as the end point. ROC-AUCs for uf2m and ualm re-
mained similar and were 0.84 (0.77 to 0.92) and 0.84 (0.76 to
0.92) for up2m in pg/min and pg/10 mmol creatinine,
respectively. For ualm, ROC-AUCs were 0.82 (0.74 to 0.89)
and 0.82 (0.75 to 0.90) for ug/min and ug/10 mmol, re-
spectively. Many patients were referred to our center for
urinary analysis, but were followed and treated elsewhere,
and we were unable to collect follow-up data for all pa-
tients. Also, the data we presented on repeated measure-
ments have to be interpreted with some caution because
these were performed on a subset of patients with persis-
tent proteinuria. Finally, we were not able to calculate a
proteinuria risk score for the cohort, which requires mul-
tiple measurements of serum and urine creatinine and
proteinuria during each 6-month period during follow-up
(4). These data were not available.

Conclusions

We have advocated that treatment decisions in the indi-
vidual patient with iMN must be based on an individual-
ized assessment of risks and benefits (21). The risks of
prolonged nephrotic syndrome should be balanced against
those of progression and treatment-related complications.
Urinary alm or uf2m measurement can be of value in this
balanced decision because both allow an early prediction
of prognosis in iMN. A spot urine sample can be used
instead of a timed sample. BP may affect excretion rates. A
repeated measurement after 6 to 12 months increases prog-
nostic accuracy.
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