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Treated with Tyrosine Kinase Inhibitors
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Abstract. Aim: The study aimed to define the true impact of
pancreatic metastases (PM) from renal cell carcinoma on
overall survival (OS) in patients treated with first-line tyrosine
kinase inhibitors. Patients and Methods: Overall, 321
consecutive patients were analysed. The influence of PM on OS
was assessed using the Kaplan—Meier estimator and the log-
rank test (unadjusted and adjusted) and two multivariabe Cox
proportional hazards regressions (CPHR). Results: Thirty-four
patients (10%) had PM and 287 (90%) had sites of metastasis
other than the pancreas; the median OS was 46.1 and 23.1
months, respectively (unadjusted log-rank p=0.020; adjusted
log-rank p=0.544). The PM status was an insignificant factor
for OS in both CPHR (hazard ratio(HR)=0.84, p=0.603, and
HR=0.66, p=0.098). Conclusion: The presence of PM was not
an independent prognostic factor, but was rather an indicator
of an indolent course of the disease.

Renal cell carcinoma (RCC) is the most frequent type of
kidney cancer and accounts for 3% of malignancies in
adults. About 20% of patients with RCC have metastases at
the initial diagnosis and up to half of patients develop
recurrence after complete resection of the primary tumour
(1-4). Nowadays, these patients are treated with systemic
molecular targeted therapies (MTT) that include tyrosine
kinase inhibitors (TKI) as the standard of care in first-line
therapy and subsequent lines (5-6). Despite the significant
improvement in efficacy of this type of drug compared to
cytokine-based regimens, the treatment remains palliative in
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nature, i.e. aims to maximally increase patient survival with
having little curative potential. Moreover, there are still no
factors possessing predictive value for MTT, thus patient
evaluation and prognosis is made using selected baseline
characteristics. The most commonly used and validated tool
for survival prediction in patients with metastatic RCC is
the International Metastatic Renal Cell Database
Consortium (IMDC) model. It consists of six factors
independently associated with poor outcome: Karnofsky
performance status (KPS) less than 80%, time from
diagnosis to start of systemic treatment less than 12 months,
haemoglobin level less than the lower limit of normal
(LLN), serum corrected calcium level, neutrophil count and
platelet count greater than the upper limit of normal (ULN).
Patients are stratified into favourable-, intermediate- and
poor-risk groups according to the total number of factors (0,
1-2 and 3-6, respectively) (7). Other researchers concluded
that the involvement of the metastatic process in specific
organs, e.g. liver or bone, as well as an increasing number
of metastatic sites may be additional features of reduced
survival (8, 9). This is obviously a rational concept that a
higher burden of malignant disease usually results in faster
progression and death. In contrast to this observation, a few
studies reported that patients with pancreatic metastases
(PM) lived significantly longer than patients with metastases
at sites other than the pancreas (10-12). It was further
suggested that the presence of PM may be considered as an
independent factor of favourable prognosis (11-13). This
means that PM may increase the probability of survival
regardless of the status of other criteria known to have an
impact on the prognosis (e.g. those included in the IMDC
model). This interesting concept led us to investigate
whether PM truly influences survival of patients with
metastatic RCC or just act as an indicator of favourable
prognosis that may be actually due to other factors. Because
PM usually occurs a long time after initial RCC diagnosis
(14), we also explored the association between PM and the
interval between the diagnosis and initiation of first-line
TKI to answer the research question.
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Patients and Methods

Patients. We performed a retrospective analysis of consecutive patients
with metastatic RCC who had begun treatment with first-line TKI
from November 2009 to March 2016 at the Department of Oncology,
Military Institute of Medicine, Warsaw, Poland. Patients who: (a) had
metastatic RCC of any histological subtype, (b) had undergone prior
nephrectomy or nephron-sparing surgery, (c) were treated with TKI
using standard schedules, (d) had no other primary malignancies, (e)
had no adjuvant or investigational therapy, were eligible. Patients were
assigned to the PM group if they had PM at the start of first-line TKI.
All other patients, including those surgically and completely treated
for PM before TKI initiation, were included in the non-PM group.
Individual patient data were gathered from institutional medical
records. The study was approved by the Ethics Committee of the
participating centre (the study protocol number: 84/WIM/2016).

Outcome and statistical analysis. The assessed outcome was overall
survival (OS) which was defined as the time from the initiation of
first-line TKI to death from any cause. Descriptive statistics included
the median and range for continuous variables as well as frequency
and percentage for categorical variables. The differences in baseline
features between the PM and non-PM groups were examined using
the Mann—Whitney U-test for continuous variables and the Pearson
chi-square or Fisher’s exact test (in the case of no more than five
expected frequencies in each cell of a studied contingency table) for
categorical variables. The association between the PM status and the
interval between diagnosis of RCC and TKI initiation was assessed
using the Pearson chi-square (or Fisher’s exact) test, Cramer’s V and
the odds ratio. The Kaplan—-Meier method was used to estimate
survival curves and medians with calculation of 95% confidence
interval (CI) using the log-log transformation. The log-rank test was
used to compare differences in survival probabilities between the PM
and non-PM groups. The impact of PM on OS was examined using
(a) adjusted Kaplan—Meier estimator and log-rank test based on
inverse probability of treatment weighting (IPTW) that reduces the
bias caused by unbalanced distribution of confounders (15), and (b)
two procedures of the Cox proportional hazards regression (CPHR).
In the first CPHR procedure, univariable analyses were performed on
all collected variables of potential prognostic ability and those that
reached statistical significance were included in a multivariable
analysis. In the second CPHR procedure, the hazard ratio (HR) and its
standard error for PM status were adjusted for the six IMDC criteria.
To ascertain the strength of the relationship between assessed variables
and OS, both CPHR procedures were repeated on 500 new datasets
generated using bootstrap (random-sampling with replacement)
method (16). The survival data were last updated on October 15, 2016.
Patients alive on that date or lost to follow-up were censored. The
Shemper and Smith method was used to estimate the median follow-
up time (17). Patients with missing values for the PM status or the
IMDC criteria were excluded from analyses. p-Values less than 0.05
(two-sided) indicated statistical significance for all tests. All
computations were performed using Stata, version 14.2 (StataCorp,
College Station, TX, USA) and R, version 3.2.5 (The R Foundation
for Statistical Computing, Vienna, Austria).

Results

Three hundred and twenty-one patients were analysed after
excluding five patients with missing values for serum-
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corrected calcium. Thirty-four (10%) patients had metastatic
involvement of the pancreas at first-line TKI initiation and
were assigned to the PM group. There were four (1%)
patients included in the non-PM group with complete
resection of PM before the start of systemic treatment.
Median time from diagnosis to development of PM was 84
(range=0-235) months. Only one patient in the PM group
(1/34, 3%) had metastasis to the pancreas at the initial
diagnosis; in all remaining cases, PM were metachronous.
Pancreas was the only metastatic site in two patients (2/34,
6%). Solitary metastasis to the pancreas accounted for 10
cases (10/34, 29%), whereas multiple pancreatic lesions were
found in 24 patients (24/34, 71%). The PM and non-PM
groups were in the majority similar for baseline
characteristics (Table I). However, patients in the PM group
had more frequent metastasis to the contralateral kidney and
less frequent metastasis to bone, local recurrence and
Fuhrman grade of 3-4. In addition, the time between the
initial diagnosis and TKI initiation was significantly longer
in the PM group, with the median almost eight-fold greater
than in the non-PM group. The distribution of patients within
the IMDC risk groups differed significantly between the two
cohorts. The PM group was mostly represented by patients
in the favourable-risk group, while patients in the non-PM
group were distributed more equally with about half assigned
to the intermediate-risk group.

In the non-PM group, the proportion of patients with a
diagnosis-to-treatment interval less than 12 months was
almost equal to the proportion of patients with an interval of
12 months or greater (52% vs. 48%, respectively). In the
PM group, most patients (85%) received treatment after one
year from the diagnosis. The association between those two
variables was statistically significant (Pearson chi-
square=16.56, p<0.001, Cramer’s V=0.227, p<0.001). The
odds of having first-line TKI initiation at 12 months or more
from the diagnosis were 6.2-times (95% CI=2.3-16.4,
p<0.001) greater in the PM group than in the non-PM group.

The median follow-up time was 55.5 (95% CI=49.0-60.7)
months. The median OS for the whole cohort of patients was
232 (95% CI=19.9-28.0) months. There were 19 (56%)
deaths in the PM group and 200 (70%) in the non-PM group.
The median OS was 46.1 (95% CI=20.8-not estimable)
months for the PM group and 22.5 (95% CI=18.7-25.9)
months for the non-PM group. Patients in the PM group had
significantly increased OS compared with patients in the
non-PM group (unadjusted log-rank p=0.020, Figure 1A).
However, the adjustment using IPTW revealed closer and
crossing survival curves of the PM and non-PM groups
(Figure 1B) and non-significant result of the log-rank test
(p=0.544).

In the first CPHR procedure, the presence of PM was
amongst 20 factors associated with OS using univariable
analysis (HR=0.58, 95% CI=0.36-0.92, p=0.022). However,
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Table 1. Patients characteristics at the start of therapy with first-line tyrosine kinase inhibitor (TKI) (total number=321).

Variable PM group (N=34) Non-PM group (N=287) p-Value
Age, years: median (range) 63 (43-78) 61 (22-85) 0.405
Time from diagnosis to first-line TKI initiation, months: median (range) 85 (3-270) 11 (0-243) <0.001
Time from diagnosis to first-line TKI initiation <1 year: n (%) 5 (15) 148 (52) <0.001
Male: n (%) 19 (56) 196 (68) 0.146
Primary tumour site, right: n (%) 17 (50) 137 (48) 0.803
Fuhrman grade, 3-4: n (%) 4 (17)2 112 (42)b 0.019
Non-clear cell histology: n (%) 13) 18 (6) 0.705
Sarcomatoid features: n (%) 0 (0) 18 (6) 0.235
Number of metastatic sites: median (range) 3 (1-7) 2 (1-6) 0.021
Number of metastatic sites: n (%) 0.131
1-2 13 (38) 149 (52)
>3 21 (62) 138 (48)
Metastatic sites: n (%)
Lung 21 (62) 210 (73) 0.162
Lymph nodes 13 (38) 140 (49) 0.244
Bone 309 93 (32) 0.005
Liver 10 (29) 58 (20) 0214
Suprarenal gland 8 (24) 45 (16) 0.244
Brain 1(3) 15 (5) 0.999
Local recurrence 309 74 (26) 0.029
Contralateral kidney 8 (24) 18 (6) 0.003
KPS: n (%) 0.832
100 14 (41) 111 (39)
80-90 20 (59) 167 (58)
<80 0 (0) 9(3)
Haemoglobin <LLN: n (%) 309 59 (21) 0.101
Corrected calcium >ULN: n (%) 309 32 (11) 0.681
LDH >ULN: n (%) 8 (25)¢ 74 (27)d 0.853
Serum albumin <LLN: n (%) 2 (6) 38 (14) 0.206
Neutrophil count >ULN: n (%) 309 23 (8) 0.746
Platelet count >ULN: n (%) 2 (6) 42 (15) 0.196
NLR =3.6: n (%) 13 (38) 96 (33) 0.577
PLR =157: n (%) 14 (42) 155 (54) 0.157
IMDC risk group: n (%) <0.001
Favourable 24 (71) 95 (33)
Intermediate 9 (26) 158 (55)
Poor 1(3) 34 (12)
Prior immunotherapy: n (%) 6 (18) 29 (10) 0.238
First-line TKI therapy: n (%) 0.536
Sunitinib 24 (70) 216 (75)
Sorafenib 4 (12) 20 (7)
Pazopanib 6 (18) 51 (18)
Second-line systemic therapy: n (%) 12 (35) 131 (46) 0.251

IMDC, International Metastatic Renal Cell Carcinoma Database Consortium; KPS: Karnofsky performance status; LDH, lactate dehydrogenase;
LLN, lower limit of normal; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; PM, pancreatic metastases; ULN, upper limit

of normal. Number of patients evaluated: 323, Y264, €32, 4279,

after fitting the multivariable model, PM was no longer a
significant factor for survival (HR=0.84, 95% CI=0.44-1.62,
p=0.603). Factors independently affecting the outcome by
increasing the hazard of death were: KPS <80%, Fuhrman
grade 3-4, presence of lung metastases, haemoglobin less
than the LLN, neutrophil-to-lymphocyte ratio =3.6, serum
lactate dehydrogenase greater than the ULN, and serum

albumin less than the LLN (Table II). In the second CPHR
procedure, the PM status did not reach statistical
significance after adjusting for the six IMDC criteria
(HR=0.66, 95% CI1=0.40-1.08, p=0.098, Table III). The
bootstrap validation strengthened the conclusion of a non-
significant influence of the PM status on OS in both CPHR
procedures (Tables II and III).
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Figure 1. Unadjusted (A), and adjusted (B) Kaplan—Meier estimators for overall survival (OS) stratified by the presence of pancreatic metastases (PM).

Table II. Univariable and multivariable Cox proportional hazard regressions for overall survival (OS).

Univariable Multivariable

Variable HR 95% CI p-Value HR 95% CI p-Value 95% CI*  p-Value?
Female gender 0.85 0.63-1.14 0.271 - - - - -
Age =65 years 1.23 0.93-1.61 0.142 - - - - -
Time to first-line TKI* <12 months 1.61 1.23-2.10  <0.001 1.04 0.74-1.45 0.837 0.69-1.56 0.865
KPS <80% 702 353-1398  <0.001 348 1.36-8.93 0.009 1.20-10.15  0.022
Non-clear cell histology 1.18 0.68-2.07 0.557 - - - - -
Sarcomatoid features 1.75 1.01-3.01 0.045 1.38 0.75-2.53 0.307 0.71-2.68 0.350
Fuhrman grade 3-4 2.02 1.52-2.68 <0.001 1.57 1.13-2.19 0.007 1.05-2.35 0.029
Prior immunotherapy 0.89 0.58-1.37 0.593 - - - - -
Number of metastatic sites >2 2.37 1.81-3.12  <0.001 1.26 0.82-1.95 0.296 0.75-2.11 0.379
Local recurrence 1.46 1.07-1.98 0.017 1.08 0.74-1.59 0.689 0.69-1.69 0.729
Retroperitoneal/mediastinal lymph node metastases 1.84 1.40-2.40 <0.001 1.36 0.97-1.90 0.072 0.92-2.00 0.119
Lung metastases 1.77 1.29-242  <0.001 1.68 1.16-2.42 0.006 1.06-2.65 0.026
Liver metastases 1.17 0.85-1.61 0.345 - - - - -
Pancreas metastases 0.58 0.36-0.92 0.022 0.84 0.44-1.62 0.603 0.37-1.92 0.681
Suprarenal gland metastases 1.17 0.82-1.66 0.396 - - - - -
Bone metastases 1.65 1.25-2.18 <0.001 1.25 0.86-1.82 0.237 0.83-1.89 0.285
Contralateral kidney metastases 0.70 041-1.18 0.180 - - - - -
Brain metastases 3.84 2.25-6.55 <0.001 1.71 0.89-3.27 0.106 0.67-4.32 0.259
Other soft tissue metastases 1.44 1.08-1.93 0.014 1.37 0.93-2.01 0.109 0.86-2.17 0.184
Haemoglobin <LLN 2.80 201-3.82  <0.001 2.04 1.36-3.06 0.001 1.23-3.37 0.006
Neutrophils >ULN 1.93 1.20-3.10 0.006 1.11 0.63-1.94 0.723 0.55-2.21 0.774
Platelets >ULN 2.19 1.54-3.14  <0.001 0.85 0.52-1.39 0.517 0.45-1.61 0.619
NLR =3.6 191 1.46-2.50 <0.001 1.63 1.11-2.37 0.012 1.06-2.50 0.027
PLR =157 2.13 1.62-2.81 <0.001 1.45 0.99-2.11 0.057 0.92-2.26 0.106
Serum LDH >ULN 1.63 1.21-2.19 0.001 1.80 1.27-2.57 0.001 1.19-2.72 0.005
Serum corrected calcium >ULN 1.79 1.21-2.65 0.004 1.29 0.78-2.14 0.315 0.73-2.30 0.381
Serum albumin <LLN 324 2.26-4.64  <0.001 2.50 1.45-4.33 0.001 1.23-5.10 0.011

CI, Confidence interval; HR, hazard ratio; KPS: Karnofsky performance status; LDH, lactate dehydrogenase; LLN, lower limit of normal; NLR,
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; TKI, tyrosine kinase inhibitor; ULN, upper limit of normal. *Time from diagnosis
to initiation of first-line TKI; Avalues for bootstrap validation.
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Table III. Multivariable Cox proportional hazard regression for overall survival (05) with the International Metastatic Renal Cell Carcinoma

Database Consortium criteria and the pancreatic metastasis (PM) status.

Original dataset

Bootstrap validation

Variable HR 95% C1 p-Value 95% CI p-Value
KPS <80% 5.28 2.57-10.86 <0.001 241-11.55 <0.001
Time to first-line TKI* <1 year 1.38 1.04-1.82 0.024 1.03-1.83 0.029
Haemoglobin <LLN 226 1.63-3.15 <0.001 1.51-3.39 <0.001
Corrected calcium >ULN 1.65 1.10-2.46 0.015 1.01-2.67 0.044
Neutrophil count >ULN 1.57 0.96-2.56 0.070 0.83-2.98 0.166
Platelet count >ULN 1.52 1.04-2.22 0.032 0.93-2.48 0.096
With PM 0.66 0.40-1.08 0.098 0.35-1.23 0.188

CI, Confidence interval; HR, hazard ratio; LLN, lower limit of normal; KPS, Karnofsky performance status; TKI, tyrosine kinase inhibitor; ULN,

upper limit of normal. *Time from diagnosis to initiation of first-line TKI.

Discussion

Despite the improved efficacy of MTT used in clinical
practice since 2005, the prognosis of patients with metastatic
RCC remains heterogeneous. As no predictive markers have
been discovered for those therapies, the proper identification
of baseline features independently influencing survival is
essential in routine patient evaluation and fair stratification
in prospective interventional trials. Within numerous factors
affecting the prognosis, the presence of PM was reported to
reduce the probability of death in several studies (10-13).
This surprising conclusion contradicts a general concept of
cancer, in which greater malignant involvement of the body
results in poorer outcomes. However, development of PM
usually occurs a long time after the initial diagnosis and,
simultaneously, time itself influences on survival when
measured between the diagnosis and systemic treatment
initiation (7, 14, 18). Thus, the correlation between these two
variables might conceal the explanation of PM phenomenon
in metastatic RCC and appeared to be meaningful for the
current research.

The present population was similar to those in previous
studies. The fraction of patients developing PM was 10%,
which is strictly within the range of 2-11% reported in the
literature (14). The median time to PM development was
almost 10 years from initial diagnosis and was peculiar to this
organ. In line with other reports, patients in the PM group had
a longer interval from diagnosis to TKI initiation (12), greater
number of metastatic sites (12), more frequent contralateral
kidney metastases (11, 19) and favourable risk group
assignment (10-12), but also less frequent Fuhrman grade 3-
4 and bone metastases (10) than patients in the non-PM
group. The median OS of patients with PM was 46.1 months
and was about twice as long as the median OS of patients
without PM. Such difference in survivals was even larger

than in the recent studies. For example, Grassi et al. reported
median OS of 39 months for the PM group and 23 months
for the non-PM group (10), while Karla er al. reported
median OS of 39 months and 26 months, respectively (12).
In contrast to previous reports, our research revealed that
PM did not independently influence survival in patients with
metastatic RCC. The PM status was an insignificant
predictor when using the log-rank test with the IPTW
adjustment and two different approaches of CPHR. What is
more, the second CPHR procedure showed that the interval
between diagnosis and treatment initiation remained
significant after addition of the PM status to the six IMDC
criteria. The interval not only probably explains more
variability than PM, but also shares some of the variability
explained by PM as these variables are moderately, but
significantly correlated. Remarkably, patients in the PM
group had a six-fold higher chance of starting therapy at one
year or later from diagnosis than patients in the non-PM
group. As no other IMDC criteria differed significantly
between groups, this presumably translated into more
frequent assignment to favourable- and intermediate-risk
groups in patients with PM when compared to non-PM
patients and, subsequently, contributed to improved survival
in the PM cohort. Additionally, the metastatic cascade is not
only dependent on genetic and epigenetic alterations within
cancer cells, but also involves non-neoplastic stromal cells,
immune cells, cancer-associated fibroblasts and extracellular
matrix components that contribute to cancer progression,
both at local and distant sites (20). The patterns of tissue
tropism displayed by tumour cells of various origins are well
characterized for bone, lung, and brain but little is known
about pancreas (21). Thus, herein we stress the necessity of
further molecular studies on tissue samples of patients with
PM to help identify the primary roots of favourable
prognosis in metastatic RCC. For example, such studies may
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focus on pleiomorphic adenoma gene-like 1 (PLAGL1)
protein or special AT-rich sequence binding protein 1
(SATBI) mRNA levels. Because decreased PLAGLI1 protein
level and up-regulation of SATBI mRNA in the primary
tumour were found to improve survival of patients with
RCC, similar levels of those biomarkers obtained from PM
samples could straightforwardly reveal some biological
explanation for slowly progressing RCCs (22, 23).

Retrospective design, singe-centre experience and lack of
molecular investigation are noteworthy limitations of this
study. Additionally, because pancreatic metastasectomy may
increase survival even in cases of extra-pancreatic disease
(24, 25), we assigned patients who underwent complete
resection of PM prior to TKI initiation to the non-PM group
to avoid overestimation of the outcome in the PM cohort.
This approach may raise difficulties in comparison with
studies on PM populations that were treated with multiple
modalities or particularly with surgery alone. However, due
to this distinct design, our study becomes the most
informative for oncologists who wish to start first-line TKI
in patients with PM for whom other therapeutic options are
not available.

Conclusion

Overall, the presence of PM at the start of first-line TKI was
not an independent factor of improved survival in patients
with metastatic RCC, but rather was an indicator of an
indolent course of the disease. The true reason for favourable
prognosis of patients with PM probably lies in less
aggressive tumour biology which results in delayed
metastatic spread and initiation of systemic therapy. Further
studies focused on molecular differences between tumours
from patients with PM and those without PM might be a
straightforward way to confirm this hypothesis.
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