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Abstract

Background: Patients with metastatic renal cell carcinoma (mRCC) may present
with primary metastases (synchronous disease) or develop metastases during
follow-up (metachronous disease). The impact of time to metastasis on patient
outcome is poorly characterised.
Objective: To characterise overall survival (OS) and time to treatment failure (TTF)
based on time to metastasis in mRCC patients treated with targeted therapy
(tyrosine kinase inhibitors [TKIs]).
Design, setting, and participants: We used the International Metastatic Renal Cell
Carcinoma Database Consortium (IMDC) to compare synchronous (metastases
within �3 mo of initial diagnosis of cancer) versus metachronous disease (evalu-
ated by >3–12 mo, >1–2 yr, >2–7 yr, and >7 yr intervals).
Outcome measurements and statistical analysis: OS and TFF were assessed using
Kaplan-Meier curves. Cox multivariable regressions analyses (MVAs) were adjusted
for baseline factors.
Results and limitations: Of 7386 patients with mRCC treated with first-line TKIs,
3906 (53%) and 3480 (47%) had synchronous and metachronous metastasis,
respectively. More patients with synchronous versus metachronous disease had
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higher T stage (T1–2: 19% vs 34%), N1 disease (21% vs 6%), presence of sarcomatoid
differentiation (15.8% vs 7.9%), Karnofsky performance status <80 (25.9% vs 15.1%),
anaemia (62.5% vs 42.3%), elevated neutrophils (18.9% vs 10.9%), elevated platelets
(21.6% vs 11.4%), bone metastases (40.4% vs 29.8%), and IMDC poor risk (40.6% vs
11.3%). Synchronous versus metachronous disease by intervals >3–12 mo, >1–2 yr,
>2–7 yr, and >7 yr correlated with poor TTF (5.6 mo vs 7.3, 8.0, 10.8, and 13.3 mo,
p < 0.0001) and poor OS (median 16.7 mo vs 23.8, 30.2, 34.8, and 41.7 mo, p <

0.0001). In MVAs, the adjusted hazard ratios (95% confidence intervals) were 1.00
(reference), 0.98 (0.90–1.06), 0.81 (0.73–0.91), 0.74 (0.68–0.81), and 0.60 (0.54–
0.67), respectively, for OS (p < 0.0001), and 1.00 (reference), 0.99 (0.92–1.06), 0.98
(0.90–1.07), 0.83 (0.77–0.89), and 0.66 (0.60–0.72), respectively, for TTF (p <

0.0001). Data were collected retrospectively.
Conclusions: Timing of metastases after initial RCC diagnosis may impact the
outcomes from targeted therapy in mRCC.
Patient summary: We looked at the impact of the timing of metastatic outbreak on
survival outcomes in kidney cancer patients treated with targeted therapy. We
found that the longer time to metastatic development was associated with im-
proved outcome.
© 2020 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creati-

vecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Worldwide, a total of 400 000 new cases of and 175
000 deaths from renal cell cancer were estimated in 2018,
making this cancer the 13th most commonly diagnosed
solid malignancy [1]. Approximately 15% of patients present
with synchronous metastatic disease at the time of
diagnosis, that is, patients are diagnosed with a primary
kidney tumour and metastases simultaneously [2], and
approximately 20% of patients with nonmetastatic disease
at initial nephrectomy develop metachronous metastatic
disease, that is, develop metastases during follow-up [3]. In
metastatic renal cell carcinoma (mRCC), surgery is often not
applicable due to widespread metastatic disease [4]; thus,
systemic therapy is applicable in this setting [5,6].

The impact of time from initial RCC diagnosis to the
initiation of oncologic therapy of <12 mo was established
as an independent poor prognostic marker included in the
Memorial Sloan Kettering Cancer Center (MSKCC) model
[7], developed in the era of interferon. In the era of targeted
tyrosine kinase inhibitors (TKIs), the time interval of <1 yr
from the primary diagnosis to the start of oncologic
treatment was encompassed in the International Meta-
static Renal Cell Carcinoma Database Consortium (IMDC)
model together with Karnofsky performance status of
<80%, hypercalcaemia, anaemia, neutrophilia, and throm-
bocytosis. According to the number of poor prognostic
factors, patients were divided in both MSKCC and IMDC
models into prognostic groups: favourable (zero risk
factors), intermediate (one to two risk factors), and poor
(three or more risk factors) [8]. The IMDC model has
subsequently been validated in clear cell RCC [8] and non–
clear cell RCC, including papillary RCC [9,10]. The <12 mo
cut-off is arbitrary, and more detailed prognostic
information regarding the time to metastasis (TTM)
outbreak is needed.

Patients with mRCC form a heterogeneous group with
varying outcomes ranging from weeks to several years.
Synchronous disease may represent a distinct pathologic
and molecular phenotype [11]. The impact of timing of
metastatic disease recurrence on outcomes from TKIs is
poorly characterised. We, therefore, assessed the IMDC
database to evaluate the impact of synchronous versus
metachronous mRCC outbreak for patient outcome on
targeted therapy.

2. Patients and methods

2.1. Patient population

The IMDC database is a consecutive patient series compris-
ing international academic centres in Canada, USA,
Denmark, Italy, Greece, Japan, South Korea, Singapore,
and Australia. We used the database to investigate the
impact of metastatic timing on survival outcomes in RCC.
We retrospectively collected baseline demographic, clinical,
and pathologic report, and laboratory data using uniform
database templates to ensure consistent data collection
[12]. Survival data were collected from patients’ medical
records. Data were collected from 2003 until 2016. Patient
inclusion criteria comprised a diagnosis of mRCC of any
histologic subtype treated with first-line targeted therapy.
Patients were excluded from the analysis if they had missing
information regarding the date of metastasis and date of
diagnosis, or excluded due to no survival follow-up data.
This study received ethics committee or institutional review
board approval as applicable from each participating centre.
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2.2. Statistical analysis

Analyses compared synchronous disease, defined as metas-
tases within �3 mo of initial diagnosis of RCC, versus
metachronous disease, defined as metastasis diagnosed
after initial diagnosis. TTM was initially analysed as a
continuous variable (with 1 yr increments). As results
suggested that the association of TTM with OS and time
to treatment failure (TTF) did not follow a linear relation-
ship, we therefore regrouped patients into the following
intervals: �3 mo, >3–12 mo, >1–2 yr, >2–7 yr, and >7 yr,
according to the observed clinical pattern. The date of initial
diagnosis was defined as the date of histologic confirmation
of RCC—the date of either nephrectomy or biopsy. Overall
survival (OS) was defined from the initiation of first-line
target therapy to the date of death or being censored at the
last follow-up. TTF was defined as the time from the
initiation of targeted therapy to treatment discontinuation
for any reason, including death, disease progression
(according to RECIST v1.1 [13]), treatment toxicity, or being
censored at the last follow-up. The best objective response
rate was defined using investigator-assessed complete
response and partial response according to RECIST 1.1.

Distributions of OS and TTF were estimated using the
Kaplan-Meier methodology. Median and 95% confidence
intervals (CIs) were provided. Cox multivariable regression
analyses assessed the hazard ratios (HRs) of metachronous
versus synchronous mRCC, adjusting for baseline factors
including IMDC risk features; T and N stages at cancer
diagnosis; histology (clear cell vs non–clear cell); presence
Table 1 – Patient and disease characteristics.

All
(N = 7386)

N % 

At cancer diagnosis
Age at diagnosis, median, IQR 59 52–67 

Gender
Female 1997 27 

Male 5388 72.9 

T stage at diagnosis
T1 917 12.4 

T2 1024 13.9 

T3–4 3120 42.2 

Tx/unknown 2325 31.5 

N stage at diagnosis
N0 2573 34.8 

N1 1036 14.0 

Nx/unknown 3777 51.1 

Non–clear cell pathology
No 6130 88.0 

Yes 833 12.0 

Unknown 423 

Presence of sarcomatoid differentiation
No 5508 88.0 

Yes 754 12.0 

Unknown 1124 

Nephrectomy status
No nephrectomy 1454 19.8 

Nephrectomy 3317 45.1 

Cytoreductive nephrectomy 2579 35.1 

Unknown 36 
of sarcomatoid differentiation (yes or no); number of
metastasis; presence of bone, liver, or brain metastasis (yes
or no); age at TKI initiation; and era of TKI initiation (2003–
2007, 2008–2012, and 2013–2016).

Statistical analyses were performed using the SAS
software application (version 9.4; SAS Institute, Cary, NC,
USA). Two-sided p values were reported.

3. Results

3.1. Patient characteristics

At the time of analysis, the database covered the data of
7498 patients, of whom 7386 were included for this
analysis; 112 were excluded due to missing data on the
date of metastasis or date of diagnosis (n = 80), or
excluded due to no survival follow-up data (n = 32).
Median follow-up from TKI initiation in alive patients was
26.5 mo (range: 0.1–130). A total of 2319 patients were
alive at data cut-off.

The patient characteristics are summarised in Table 1. At
initial cancer diagnosis, more patients with synchronous
versus metachronous disease had higher T stage (T1–2: 19%
vs 34%; T3–4: 45.4% vs 38.6%), N1 disease (21% vs 6%), and
presence of sarcomatoid differentiation (15.8% vs 7.9%). At
TKI initiation, more patients with synchronous versus
metachronous disease had poor Karnofsky performance
status <80 (25.9% vs 15.1%), low haemoglobin (62.5% vs
42.3%), elevated neutrophils (18.9% vs 10.9%), elevated
platelets (21.6% vs 11.4%), and bone metastases (40.4% vs
Metachronous disease
(N = 3480)

Synchronous disease
(N = 3906)

N % N %

58 50–65 61 53–68

950 27.3 1047 26.8
2529 72.7 2859 73.2

596 17.1 321 8.2
604 17.4 420 10.8
1345 38.6 1775 45.4
935 26.9 1390 35.6

1472 42.3 1101 28.2
217 6.2 819 21.0
1791 51.5 1986 50.8

3016 90.0 3114 86.2
334 10.0 499 13.8
130 293

2740 92.1 2768 84.2
234 7.9 520 15.8
506 618

56 1.6 1398 36.1
3317 95.4 0 0
103 3.0 2476 63.9
4 32



Table 1 (Continued )

All
(N = 7386)

Metachronous disease
(N = 3480)

Synchronous disease
(N = 3906)

N % N % N %

At TKI initiation
Age at TKI start, median, IQR 62 55–69 63 56–71 61 54–68

Year of TKI initiation
2003–2007 2148 29.1 1099 31.6 1049 26.9
2008–2012 3739 50.6 1720 49.4 2019 51.7
2013–2016 1499 20.3 661 19.0 838 21.5

KPS (<80)
No 5306 79.2 2682 84.9 2624 74.1
Yes 1393 20.8 477 15.1 916 25.9
Unknown 687 321 366

Hb < LLN
No 3235 46.9 1857 57.7 1378 37.5
Yes 3661 53.1 1362 42.3 2299 62.5
Unknown 490 261 229

Corrected Ca > ULN
No 5405 86.2 2602 89.5 2803 83.3
Yes 867 13.8 306 10.5 561 16.7
Unknown 1114 572 542

Neutrophil > ULN
No 5674 84.8 2780 89.1 2894 81.1
Yes 1015 15.2 342 10.9 673 18.9
Unknown 697 358 339

Platelets > ULN
No 5611 83.2 2791 88.6 2820 78.4
Yes 1137 16.9 361 11.4 776 21.6
Unknown 638 328 310

IMDC risk group
Favourable 1118 17.9 930 32.5 188 5.5
Intermediate 3435 54.9 1607 56.2 1828 54.9
Poor 1698 27.2 323 11.3 1375 40.6
Unknown 1135 620 515

Number of metastases
1 1644 23.1 844 25.3 800 21.2
>1 5473 76.9 2493 74.7 2980 78.8
Unknown 269 143 126

Brain metastasis
No 6106 91.7 2883 92.4 3223 91.1
Yes 552 8.3 238 7.6 314 8.9
Unknown 728 359 369

Bone metastasis
No 4368 64.6 2219 70.2 2149 59.6
Yes 2398 35.4 941 29.8 1457 40.4
Unknown 620 320 300

Live metastasis
No 5183 78.9 2422 79.0 2761 78.9
Yes 1383 21.1 645 21.0 738 21.1
Unknown 820 413 407

Type of first-line therapy
Sunitinib 4962 67.2 2337 67.2 2625 67.2
Sorafenib 1004 13.6 513 14.7 491 12.6
Pazopanib 708 9.6 339 9.7 369 9.4
Temsirolimus 262 3.5 76 2.2 186 4.8
Bevacizumab 156 2.1 80 2.3 76 1.9
Everolimus 127 1.7 63 1.8 64 1.6
Other 84 1.1 34 1 50 1.3
Axitinib 48 0.6 28 0.8 20 0.5
AZD 35 0.5 10 0.3 25 0.6

Hb = haemoglobin; IMDC = International Metastatic Renal Cell Carcinoma Database Consortium; IQR = interquartile range; KPS = Karnofsky performance status;
LLN = lower limit of normal; TKI = tyrosine kinase inhibitor; ULN = upper limit of normal.
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29.8%), and were of IMDC poor-risk category (40.6% vs
11.3%). All patients received targeted therapy; most received
first-line sunitinib followed by sorafenib and pazopanib
(67.2%, 13.6%, and 9.6%, respectively).
A total of 3906 patients (53%) had synchronous
metastatic disease and 3480 (47%) had metachronous
disease. Association of TTM with patient characteristics is
summarised in Table 2. Synchronous versus metachronous



Table 2 – Association of time to metastasis (TTM; five groups) with patient characteristics.

TTM Age at diagnosis Age at TKI
initiation

Non–clear cell pathology Number of IMDC risk factors

Evaluable N Mean STD Mean STD Evaluable N % Evaluable N Mean STD

0–3 mo 3899 60 11 61 11 3613 14 3808 2.3 1.3
>3–12 mo 1054 59 11 61 11 1030 12 1023 1.6 1.2
>12–24 mo 637 59 11 62 11 628 10 614 0.9 1.0
>2–7 yr 1154 58 10 63 10 1108 10 1117 0.9 0.9
>7 yr 632 53 10 66 9 584 7 613 0.8 0.9
p value <0.0001 <0.0001 <0.0001 <0.0001

IMDC = International Metastatic Renal Cell Carcinoma Database Consortium; STD = standard deviation; TKI = tyrosine kinase inhibitor.

Fig. 1 – Percentage of patients who developed metastatic disease over time versus (A) median overall survival and (B) median time to treatment failure
(TTF; 95% CI) from TKI initiation by year from diagnosis to metastasis.
CI = confidence interval; TKI = tyrosine kinase inhibitor.
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Fig. 2 – Kaplan-Meier graphs of (A) overall survival and (B) time to treatment failure (TTF) since TKI initiation by time from diagnosis to metastasis
(five groups).
TKI = tyrosine kinase inhibitor.
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disease by intervals >3–12 mo, >1–2 yr, >2–7 yr, and >7 yr
correlated with higher age at initial diagnosis (mean 60 yr vs
59, 59, 58, and 53 yr; p < 0.0001), lower age at TKI initiation
(mean 61 yr vs 61, 62, 63, and 66 yr; p < 0.0001), higher rate
of non–clear cell histology (14% vs 12%, 10%, 10%, and 7%; p <

0.0001), and higher rate of IMDC risk features (mean 2.3 vs
1.6, 0.9, 0.9, and 0.8; p < 0.0001).

3.2. Impact of TTM on outcome

Patients with shorter TTM had worse OS and TTF from TKI
initiation (Fig. 1). TTM was initially analysed as a
continuous variable (with 1 yr increments). Results sug-
gested that the association of TTM with OS and TTF did not
follow a linear relationship. Shorter TTM was associated
with increasing risk of death within 3 yr, but survival
plateaued in patients with TTM 3–7 yr and in those with
TTM > 7 yr. Therefore, we regrouped patients into inter-
vals. Patients with synchronous disease had median OS of
16.7 mo (95% CI: 15.9–17.5). Patients with metachronous
disease by intervals 3–12 mo, 12–24 mo, 2–7 yr, and >7 yr
had OS of 23.8 mo (95% CI: 21.6–26.1), 30.2 mo (95% CI:
26.7–32.5), 34.8 mo (95% CI: 32.4–38.1), and 41.7 mo (95%
CI: 36.3–46.0), respectively (p < 0.0001). Patients with
synchronous disease had TTF of 5.6 mo (95% CI: 5.5–5.8).
Patients with metachronous disease by interval 3–12 mo,
12–24 mo, 2–7 yr, and >7 yr intervals had TTF of 7.3 mo
(95% CI: 6.6–8.0), 8.0 mo (95% CI: 7.3–8.9), 10.8 mo
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(95% CI: 9.6–11.5), and 13.3 mo (95% CI: 11.5–14.9),
respectively (p < 0.0001). Fig. 2 displays Kaplan-Meier
curves of OS (Fig. 2A) and TTF (Fig. 2B) assessed by time
intervals.

In the multivariable Cox regression analysis compared
with synchronous disease, TTM interval of >1 yr was
independently associated with improved OS, after adjusting
for confounding factors (TTM of 12–24 mo, HR: 0.81, p =
0.002; TTM of 2–7 yr, HR: 0.74, p < 0.001; and TTM of >7 yr,
HR: 0.60, p < 0.001). Improved TTF was seen for TTM
interval of >2 yr (TTM of 2–7 yr, HR: 0.83, p < 0.001; and
TTM of >7 yr, HR: 0.66, p < 0.001). In addition, improved
adjusted odds ratio (OR) was seen for TTM intervals of >2 yr
(TTM of 2–7 yr, OR: 1.18, p < 0.054; and TTM of >7 yr, OR:
1.54, p < 0.001; Table 3).

4. Discussion

To date, this study is the largest analysis demonstrating that
the timing of metastases after initial RCC diagnosis impacts
outcome from target therapy in mRCC. Patients with
synchronous disease compared with patients with meta-
chronous disease have more adverse prognostic features,
significantly shorter TTF, and poorer survival. This may help
in patient counselling and may be taken into consideration
in clinical trial designs in the future, in order to avoid an
imbalance between treatment arms.

A compilation of 11 pivotal first-line trials in mRCC is
presented in Table 4, indicating which clinical trials took
into account the time to development of metastases [14–
24]. Two studies had information of time <1 yr from the
initial diagnosis to systemic treatment available for each
arm, and one study had this information available for the
whole cohort only. One study had information of median
time since the initial diagnosis. The remaining seven studies
had MSKCC and/or IMDC risk group information as the only
baseline information of the metastatic timing, with no
elaboration of the distribution of the five and six poor-risk
features, respectively. No study was stratified for the time to
development of metastases. However, six studies were
stratified for IMDC or MSKCC prognostic risk factors.
Patients with favourable prognostic features have >1 yr
from the initial diagnosis to oncologic treatment by
definition, but full information on metastatic timing was
not interpretable. Therefore, the poor outcome of synchro-
nous mRCC may have been masked in the pivotal studies as
TTM was not accounted for. The median OS of 16.7 mo for
patients with synchronous mRCC observed in this study is
in line with the OS observed in two prospective studies
conducted in patients with synchronous mRCC: SURTIME
(15.0 mo for immediate cytoreductive nephrectomy fol-
lowed by sunitinib) [25] and CARMENA (18.4 and 13.9 mo)
[26]. Moreover, the current study provides further details
and emphasises the impact of metastatic timing.

The findings in this study are consistent with previous
evidence that early metastasis is associated with an adverse
effect on outcome and response to targeted treatment
[11]. Synchronous mRCC compared with metachronous
disease is associated with poorer Eastern Cooperative



Table 4 – Information on time from initial diagnosis to metastasis in pivotal metastatic RCC trials.

Trials Year Experimental Control Information of <1 yr
from initial diagnosis

to treatment

Baseline information
MSKCC/IMDC

Stratification including
metastatic timing

Motzer et al [14] 2007 Sunitinib Interferon-a Yes (not per arm) MSKCC No
AVOREN [15] 2007 Bevacizumab + interferon-a Interferon-a Yes MSKCC MSKCC
Global ARCC [16] 2007 Temsirolimus Interferon-a Yes MSKCC No
CALGB 90206 [17] 2008 Bevacizumab + interferon-a Interferon-a No MSKCC MSKCC
Sternberg et al [18] 2010 Pazopanib Placebo Noa MSKCC No
COMPARZ [19] 2013 Pazopanib Sunitinib No MSKCC + IMDC No
CABOSUN [20] 2016 Cabozantinib Sunitinib No IMDC IMDC
CheckMate-214 [21] 2018 Nivolumab + ipilimumab Sunitinib No IMDC IMDC
Immotion-151 [22] 2019 Bevacizumab + atezolizumab Sunitinib No MSKCC MSKCC
Javelin Renal 101 [23] 2019 Avelumab + axitinib Sunitinib No MSKCC + IMDC No
KEYNOTE-426 [24] 2019 Pembrolizumab + axitinib Sunitinib No IMDC IMDC

IMDC = International Metastatic Renal Cell Carcinoma Database Consortium; MSKCC = Memorial Sloan Kettering Cancer Center; RCC = renal cell carcinoma.
a Information of median time since initial diagnosis is provided.
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Oncology Group (ECOG) performance status score and
worse risk group in both MSKCC and IMDC, and corresponds
to a more aggressive tumour with higher pT status, higher
rate of sarcomatoid component, overexpression of vascular
endothelial growth factor, PAR-3, and PD-L1 [11]. Recently,
the evolutionary trajectories of kidney cancer were
described in more detail by the TRACERx Renal study. Clear
cell RCC is caused by consecutive genetic events: loss of
chromosome 3p, followed by mutation or methylation in
VHL are the basic genetic events, followed by mutations in
PBRM1, SETD2, and BAP1 followed by the loss of chromo-
somes 9p and 14q [27,28]. The more the genetic events, the
more aggressive the phenotypes, with patient prognosis
associated with the subclonal composition of their disease
[28]. Distinct evolutionary trajectories have been estab-
lished in the metastatic setting; disease progression
depends on the composition of mutational events, pre-
senting as either punctuated evolution (early acquisition of
multiple clonal drivers, with high chromosomal complexity
and low intratumour heterogeneity), which leads to rapid
dissemination and an aggressive disease, or branched
evolution (plural subclonal drivers, with moderate chro-
mosomal complexity and high intratumour heterogeneity)
with an attenuated progression, characterised by an initial
solitary metastatic pattern [29]. Another recent study
showed a correlation between IMDC risk features and
specific molecular profiles of clear cell RCC [30]. Taken
together, the heterogeneous biology of RCC translates to
diverse clinical outcomes; hence, the current risk models
are a surrogate measure of the underlying tumour biology.
The implication is that a high proportion of patients with
synchronous disease have tumours with punctuated
evolution, harbouring aggressive disease features, consoli-
dating in worse risk factors, requiring systemic therapy
earlier, and having almost half the expected survival after
the initiation of targeted therapy compared with the latest
metastatic timing, as shown in our study. Thus, the clinical
impact of metastatic timing in our study reflects the
underlying aggressive tumour biology. Whether TTM
impacts outcome to checkpoint immunotherapy is yet to
be elucidated.
The strength of this study lies in the large data set,
including the large number of nontrial patients reflecting
real-word patients. Limitations to our study included the
retrospective design. Although the included patients are
consecutive patients, there is a probability of bias. However,
the use of consecutive patient series attempted to mitigate
some of the deficiencies.

5. Conclusions

Timing of metastases after initial RCC diagnosis impacts
outcome from targeted therapy in mRCC. This may need to
be taken into consideration in clinical trial designs, and may
help in patient counselling and prognostication.
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