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Abstract The M2 isoenzyme of pyruvate kinase (M2-
PK) is specifically expressed in tumor cells (TuM2-PK)
and has been detected in the peripheral blood of
patients with renal cell carcinoma (RCC). TuM2-PK is
not useful as a biological marker in localized RCC.
We analysed TuM2-PK in 68 patients with metastatic
RCC after initial surgery and prior to or during
chemoimmunotherapy of metastases. In 50 patients,
the levels of TuM2-PK were measured during
chemoimmunotherapy with interleukin-2, interferon-
a2a and 5-fluorouracil for up to 8 months and were
correlated to response as assessed by radiological
imaging techniques. TuM2-PK was quantified with a
commercially available enzyme linked immunosorbent
assay kit using a cut off of 15 kU/l. In 48 of 68
patients (71%), TuM2-PK was elevated above the
cut-off. TuM2-PK was significantly higher in G3
tumors than in G2 tumors. In 34 of 50 patients (68%)
undergoing chemoimmunotherapy, a positive correla-
tion between TuM2-PK values and response to treat-
ment was observed. Based on these data, we would
not recommend the routine clinical use of TuM2-PK
in metastatic RCC at this point.
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Introduction

The clinical management of metastatic renal cell carci-
noma (RCC) often includes surgery of the primary
tumor and subsequent immunotherapy to treat metas-
tases [3]. Recent multicenter trials have supported this
strategy by showing a prolonged survival in these
aggressively treated patients [5, 9]. Thus, an extensive
follow-up, based mainly on imaging techniques such as
computer tomography (CT), bone scan or magnetic
resonance imaging (MRI), is necessary and one of the
consequences of this treatment strategy.

The presence of a reliable biological marker for RCC
such as prostate specific antigen (PSA) for prostate
cancer or alpha-fetoprotein (AFP) and ß-human chori-
onic gonadotropin (ß-HCG) for germ cell tumors would
be very helpful for monitoring patients under therapy or
during follow-up.

It has recently been shown that a specific carbohy-
drate metabolism enzyme, tumor type M2 pyruvate
kinase (TuM2-PK), is significantly enhanced in tumor
tissue and the peripheral blood of patients with malig-
nant tumors such as colon carcinoma, pancreatic cancer,
renal cell cancer and lung cancer [1, 2, 4, 10, 11, 14, 15].

The expression of TuM2-PK is related to the in-
creased rate of aerobic glycolysis in tumor cells com-
pared to normal cells. This tumor specific metabolic
state requires changes in glycolytic enzyme capacities
and isoenzyme pattern [8, 13]. Pyruvate kinase is a car-
bohydrate metabolism enzyme that varies with its
isoform expression (L-PK, R-PK, M1-PK, M2-PK) tis-
sue specifically. In normal cells, these isoforms can be
found as enzymatically active tetramers. However, in
tumor tissue the inactivated dimeric or monomeric M2
isoenzyme is overexpressed, contributing to aerobic
glycolysis via reduced phosphoenolpyruvate affinity [8].

Preliminary studies of TuM2-PK in RCC suggest that
this marker is not of clinical significance for the early
diagnosis of small renal neoplasms but may function as
a biological marker in advanced disease [12, 14, 16].
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In this study, we investigated whether TuM2-PK can
act as a useful biomarker in patients with metastatic
RCC after tumor nephrectomy and prior to or during
the treatment of established metastatic disease with
interleukin-2 and interferon-a2a based chemoimmuno-
therapy.

Materials and methods

Patient characteristics

TuM2-PK was only analysed in patients with metastatic renal
carcinomas. Data from a total of 68 patients were obtained (nine
female patients, 59 male patients; median age 61 years, range
36–77 years). In all patients, tumor nephrectomy was performed
and RCC was histologically proven. In 17 patients, the primary
tumor was limited to the kidney (pT1/2), in 42 patients a locally
advanced tumor (pT3/4) was present and in nine patients the T
category could not be assessed. In 11 patients, metastatic lymph
nodes (pN1/2) were primarily diagnosed. Pathology reports re-
vealed two highly differentiated tumors (G1), 36 patients with G2
carcinomas and 18 patients with poorly differentiated G3 carci-
nomas. There was no grading possible in 12 cases.

One organ system in 17 patients, two organ systems in 26 other
patients and three or more in 25 patients were involved in the
metastatic process. Metastases occurred most often in the lungs (56
patients, 82%), followed by retroperitoneal or hiliac lymph nodes
(30 patients, 44%) and the liver (22 patients, 32%). Bone metas-
tases occurred in 19 patients (28%), and local recurrences were
diagnosed in seven patients (10%). Other metastatic sites were the
pancreas, contralateral kidney, brain or skin.

Of the 68 patients, 24 had metastatic disease at the time of
diagnosis of the primary tumor (synchronous disease). In these
patients, TuM2-PK was measured after a median time of 82 days
(range 18–144 days) after initial surgery, usually directly prior to
the start of immunotherapy. In the other 44 patients, metastases
were diagnosed during follow-up after a median of 23 months
(range 6–156 months, metachronous disease).

Treatment of patients

Out of 68 patients, 50 were treated with chemoimmunotherapy
consisting of subsequent cycles of interleukin-2, interferon-a2a and
5-fluorouracil according to a protocol of a German multicenter
trial given at an 8 weekly schedule per cycle. Of the 18 untreated
patients, eight were not treated due to rapid disease progression,
two discontinued therapy due to side effects and eight further
patients were lost to follow-up. TuM2-PK values could not be
assessed in these 18 patients during follow-up.

In all 50 patients, follow-up was at least 2.5–3 months which
equals one cycle of chemoimmunotherapy and a recovery period.
In 30 patients, the follow-up was 5 months for two therapy cycles.
TuM2-PK data were analysed during follow-up and the response of
the patients was estimated for the same period of time. Restaging
was performed every 2.5 months by CT, bone scan, chest-X-ray or
MRI. Response was estimated according to the objective response
criteria of the UICC. Chemoimmunotherapy was discontinued
when progressive disease was revealed by restaging techniques.

Measurement of TuM2-PK

TuM2-PK was determined in patients with synchronous metastases
after surgery of the primary tumor and prior to chemoimmuno-
therapy. In patients with metachronous disease, TuM2-PK was
measured when progress was revealed by radiological imaging
or routinely during clinical follow-up. In patients treated with

chemoimmunotherapy, TuM2-PK was determined during therapy
on an outpatient basis.

For analysis, patients’ samples were collected as EDTA plasma,
centrifuged for 15 min at 1500 g and then stored until analysis at
)80�C. TuM2-PK was determined using a commercially available
sandwich enzyme linked immunosorbent assay (ELISA, Schebo
Tech, Giessen, Germany) that does not cross react with the other
pyruvate kinase isoenzymes (L-, R-, M1-, M2-PK). A cut-off of
15 kU/l was used according to the manufacturer’s instructions. The
intra-assay variance was 6.5%. The inter-assay variance, which was
calculated on the basis of 20 control samples that were run over
four periods of 4–5 months each, was 6.5%, 8.8%, 7.8% and 8.4%
for the different periods. For the estimation of the correlation be-
tween TuM2-PK and response to therapy, the follow-up levels were
related to initial TuM2-PK values.

Statistical analysis

The different groups of nonparametric data were statistically
analysed using the Mann-Whitney U-test and the nonparametric
Kruskal-Wallis test. GraphPad 3.0L (PRISM, San Diego, USA)
was used for statistical calculations.

Results

The TuM2-PK levels from a total of 68 patients with
metastatic RCC were obtained after tumor nephrectomy
and prior to the treatment of metastases. In this typical
oncological situation, TuM2-PK data were analysed
according to the number of positive values, the differ-
ences between TuM2-PK in patients with metastases
present at the time of diagnosis of the primary tumor
and after a disease free interval as well as the tumor
burden, the number of organ systems involved, the his-
tological subtype, the grading of the tumor, the rela-
tionship of TuM2-PK levels with the radiologically
assessed tumor burden and the gender of the patients.

The median value of TuM2-PK was 22.9 kU/l (mean
32.4±35.5 kU/l). The enzyme levels were positive
(higher than the recommended cut-off of 15 kU/l) in 48
patients (sensitivity 71%), thus biochemically detecting
metastatic disease (Fig. 1). A significant difference was

Fig. 1 Demonstration of all 68 TuM2-PK values in patients with
metastatic RCC after surgery of the primary tumor and prior to
immunotherapy. Median (22.9 kU/l) and individual values are
given. Using the cut off of 15 kU/l, the sensitivity of the test was
71% (48 patients with positive values)
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observed in relation to the cellular differentiation of the
primary tumor when G2 and G3 carcinomas were
analysed (Fig. 2). G2 tumors showed lower TuM2-PK
values compared to G3 renal cancers (median 21.7 kU/l
vs 37.0 kU/l, mean 28.2±24.1.8 kU/l vs 52.8±55.2 kU/
l, P=0.0198, Mann-Whitney U-test).

There was no significant difference between the 24
patients with synchronous metastatic disease and the 44
patients with metachronously occurring metastatic le-
sions (median 23.7 kU/l vs 22.7 kU/l, mean
45.1±51.8 kU/l vs 25.5± 19.7 kU/l, P=0.2404, Mann-
Whitney U-test). We found elevated TuM2-PK levels at
the time of diagnosis of metastases in 30 out of the 44
patients (68%) with metachronous disease. The differ-
ence between small (n=22) and large (n=46) metastatic
tumor burdens was only apparent as a trend (median
21.4 kU/l vs 23.7 kU/l, mean 21.0±12.8 kU/l vs
37.9±41.3 kU/l, P=0.1550, Mann-Whitney U-test).
The number of organ systems involved, the histological
subtype of the primary tumor and the gender of the
patients had no significant influence on TuM2-PK levels
(data not shown).

In Table 1, the sensitivities of the different subgroups
based on the recommended cut off of 15 kU/l are

summarized. Overall sensitivity of the test was 71%. The
sensitivity was highest in untreated patients (94%) or in
patients relapsing following chemoimmunotherapy
(100%) (Table 1).

The analysis of TuM2-PK in relation to the re-
sponse to chemoimmunotherapy was also performed.
Routine clinical and radiological restaging during
follow-up revealed that of the 50 patients, four re-
sponded with complete remission (CR) and eight with
partial remission (PR). We observed 26 patients who
remained stable (stable disease, SD) and 12 patients
who did not respond to chemoimmunotherapy (pro-
gressive disease, PD).

Of the four patients with CR, three were negative for
TuM2-PK prior to therapy and remained negative
during treatment (data not shown). The TuM2-PK
levels of the eight patients with PR are shown in Fig. 3a.
Although there was a tendency towards decreasing
TuM2-PK levels, the changes in the biomarker were not
significant over the entire observation period of
8 months. In SD patients, with unchanged radiological
results of metastatic sites, no significant differences
occurred between TuM2-PK values over the 8 months
of therapy (Fig. 3b). TuM2-PK values of progressive
patients are shown in Fig. 3c. No significant changes
occurred over a period of 5 months.

In nine patients with tumor progression after
chemoimmunotherapy, TuM2-PK was measured when
progression was documented by radiological imaging. In
all of these patients the TuM2-PK levels were higher
than the cut-off of 15 kU/l (median 31.0 kU/l, mean
53.2±36.3 kU/l).

The positive predictive value of TuM2-PK was ex-
pressed as the relation between the number of correct
positive values during follow-up and the number of all
values during follow-up including false positive values.
False positive values were defined as values of TuM2-PK
that did not correspond to the response evaluated by
restaging techniques. For all patients, the positive pre-
dictive value of TuM2-PK for follow-up was 0.68.

Discussion

In this study, we examined the role of TuM2-PK as a
biological serum marker in patients with metastatic
RCC after tumor nephrectomy and prior to the
chemoimmunotherapeutic treatment of metastases.

From the clinical point of view, a reliable biological
tumor marker reflecting both the actual presence of
metastatic disease and the response to treatment is of the
greatest interest in this situation. To our knowledge,
there is no information in the literature on the impor-
tance of TuM2-PK during the follow-up of patients with
metastatic RCC who are undergoing therapy. Recent
studies have suggested that TuM2-PK may not be reli-
able for localized, non-metastatic RCC [12, 14, 16].
However, our own results on metastatic RCC revealed
that TuM2-PK had a sensitivity of 66% and was

Fig. 2 Renal carcinoma patients with a moderate differentiation
(G2, n=36) had significantly lower TuM2-PK levels compared to
undifferentiated carcinomas (G3, n=18), median 21.7 kU/l vs
37.0 kU/l (P=0.0198, Mann Whitney U-test)

Table 1 Sensitivity of TuM2-PK in patients with metastatic renal
cell carcinoma after surgery of the primary tumor and prior to the
treatment of metastases with chemoimmunotherapy. Overall sen-
sitivity was 71%. Sensitivity was highest in patients with progres-
sion following therapy or in patients who could not be treated. In
both groups, a high tumor load and a reduced performance status
were characteristic

n Sensitivity

All patients 68 71%
Metachronous patients 44 68%
Synchronous patients 24 75%
Untreated patients 18 94%
Treated patients 50 62%
Progression post therapy 9 100%
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significantly higher than in a normal control group and
when compared to patients with localized RCC [12].

In our current group of patients with metastatic
RCC, TuM2-PK was increased above the cut off of
15 kU/l in 48 out of 68 patients (Fig. 1). Poorly
differentiated G3 neoplasms had significantly higher
TUM2-PK levels than G2 cancers (Fig. 2). There was
no significant difference between histological subtype,
tumor mass, organ systems, gender and the time of
occurrence of metastases. Wechsel et al. also found
higher TuM2-PK levels in renal cancers with a higher
grading in 40 RCC patients, but no correlation between

the histological subtype of the primary tumor and
TuM2-PK levels [14]. In contrast, Oremek et al. re-
ported no relationship between TuM2-PK and the
grading of the primary carcinoma in 64 RCC patients
[11]. In our study, the relationship between tumor size
and TuM2-PK elevation was not significant. However,
Varga et al., as well as both of the studies mentioned
above, reported a positive correlation between Robson
stage, which also indirectly represents tumor size, and
levels of the biomarker [11, 14, 16].

Varga et al. also observed an elevation of TuM2-PK
levels after tumor nephrectomy with a maximum at
postoperative day 5 and a decrease starting at postop-
erative day 10 [16]. In our study, the time of TuM2-PK
measurements in patients with synchronous metastatic
disease occurred after a median of 82 days (range
18–144 days), usually directly prior to the start of
chemoimmunotherapy. Therefore, an influence of post-
operative TuM2-PK elevation on the levels obtained at
the later time is unlikely and TuM2-PK elevation should
only represent metastases.

Only preliminary information is available on the
course of TuM2-PK during therapy of patients with
metastatic disease. A positive correlation between
TuM2-PK and clinical follow-up of the disease has been
shown casuistically for lung cancer and in five untreated
patients with metastatic RCC [8, 14]. Luftner et al.
analysed 38 patients for TuM2-PK suffering from ad-
vanced breast cancer during 45 courses of chemotherapy
[7]. In 13 out of 19 courses (68.4%) of progressing pa-
tients, increasing values of TuM2-PK were found. In 17
out of 20 courses with stable disease, the biomarker was
initially negative or dropped below normal within
4 weeks of treatment. In another study, TuM2-PK was
determined in 22 patients with pancreatic cancer and
four further patients with colorectal or gastric cancer.
These data were compared to CA 19–9 levels [6]. Only
seven out of 22 patients (32%) had elevated levels of the
marker (>15 kU/l). In 14 patients, TuM2-PK was
normal, including three patients with CR and six other
patients with disease progression. Similar to these
observations, we found negative TuM2-PK levels in
three out of four patients (75%) responding with CR to
therapy, whereas only 25, 35 and 42% of the patients
with PR, SD and PD, respectively, had primarily nega-
tive levels of the biomarker.

There was a positive correlation between clinical and
marker follow-up in 34 out of 50 patients (68%), but
when the values were analysed for all groups, no sig-
nificant differences were found (Fig. 3). We suggest that
this observation is related to the high individual vari-
ability of TuM2-PK, which might be at least partially
influenced by tumor mass. The sensitivity of TuM2-PK
was highest in patients with a relapse following immu-
notherapy (100%) or in untreated patients (94%,
Table 1). A high tumor load associated with a reduced
general performance status and a poor prognosis was
characteristic for these patients with advanced disease.
TuM2-PK is informative for subgroups of patients

Fig. 3 Analysis of TuM2-PK in patients responding with a partial
remission or b stable disease to chemoimmunotherapy. Data in c
present patients who remained in progressive disease. No statistical
differences in levels of TuM2-PK during therapy of the patients
could be assessed in any group using the Kruskal-Wallis test.
Median and individual values are given. Numbers in brackets
represent the numbers of patients at each time point
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representing disease burden, tumor activity and a poor
prognosis. At this point, TuM2-PK has only a limited
impact on treatment decisions or follow-up. Thus, we
would currently not recommend the routine clinical use
of TuM2-PK in patients with metastatic RCC.
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