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Sweden; jDepartment of Surgical and Perioperative Sciences, Urology and Andrology, Umeå University, Umeå, Sweden

ABSTRACT
Objective: Patients with clinical T1 renal cell carcinoma (cT1RCC) have risks for recurrence and
reduced overall survival despite being in the best prognostic group. This study aimed to evaluate the
association of different treatments on disease recurrence and overall survival using clinical and patho-
logical characteristics in a nation-wide cT1RCC cohort.
Materials and methods: A total of 4,965 patients, registered in the National Swedish Kidney Cancer
Register (NSKCR) between 2005 and 2014, with � 5-years follow-up were identified: 3,040 males and
1,925 females, mean age 65 years. Times to recurrence and overall survival were analyzed with Kaplan-
Meier curves, log-rank test, and Cox regression models.
Results: Age, TNM-stage, tumor size, RCC-type, and performed treatment were all associated with disease
recurrence. Patients selected for ablative treatments had increased risk for recurrent disease: hazard ratio
(HR) ¼ 3.79 [95% confidence interval (CI) ¼ 2.69–5.32]. In multivariate analyses, age, gender, tumor size,
RCC-type, N-stage, recurrence and performed treatment were all independently associated with overall
survival. Patients with chRCC had a 41% better overall survival (HR ¼ 0.59, 95% CI ¼ 0.44–0.78; p< 0.001)
than ccRCC. Patients treated with partial nephrectomy (PN) had an 18% better overall survival (HR ¼ 0.83,
95% CI ¼ 0.71–0.95, p< 0.001) than patients treated with radical nephrectomy.
Conclusions: Age, gender, T-stage, tumor size, RCC type and treatment modality are all associated
with risk of recurrence. Furthermore, age, male gender, tumor size, N-stage and recurrence are associ-
ated with reduced overall survival. Patients with chRCC, compared with ccRCC and pRCC patients, and
PN compared with RN treated patients, had an advantageous overall survival, indicating a possible sur-
vival advantage of nephron sparing treatment.
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Introduction

Renal cell carcinoma (RCC) represents about 3% of all malignan-
cies [1]. With an annual increase of about 2% in Europe during
the last decades, there were approximately 99,200 newly-diag-
nosed RCCs within the European Union in 2018 [1]. One reason
for the increased incidence might be the frequent use of cross-
sectional imaging. Today, >60% of new RCCs are incidentally
diagnosed, resulting in generally lower tumor stages [2]. This
stage migration has resulted in >60% of new RCCs being classi-
fied as T1, with mostly low malignant properties. Therefore, the
treatment of T1 RCC has elaborated from open radical nephrec-
tomy towards nephron-sparing procedures [3,4]. It has been

claimed that the oncological outcome is similar between neph-
ron-sparing surgery and radical nephrectomy for T1 RCC
patients [3,5,6]. Most guidelines recommend nephron sparing
surgery when feasible [3,4]. However, small RCCs may also
invade and metastasize [7]. Upstaging from cT1 at preoperative
imaging to pT3 has previously been reported in several studies
after surgery [8,9]. Any upstaging to pT3 may entail a higher
risk for local tumor recurrence and metastases, and a risk for
impaired survival after nephron-sparing treatments.

Aim

The aim of this nation-wide population-based cohort study
was to evaluate the occurrence of local recurrences and
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distant metastases in clinical non-metastatic T1 RCC patients
and analyze the risk for recurrent disease and decreased
overall survival in relation to patient and tumor characteris-
tics as well as treatment modalities.

Materials and methods

Patients

Since January 2005, all Swedish patients diagnosed with RCC
have been registered in the National Swedish Kidney Cancer
Register (NSKCR). The coverage of the NSKCR is 99% as com-
pared with the Swedish Cancer Register, in which all new
cancer patients are registered according to law.

A total of 4,965 patients registered in the NSKCR with
non-metastatic (M0) cT1 RCC from January 2005 to December
2014, having a potential follow-up time of � 5-years after
treatment, were included: 3,040 (61%) males and 1,925 (39%)
females, with a mean age of 65 (median 67) years (Table 1).
With a generated query from the NSKCR after 5 years, all M0
patients were approached via their clinical departments with
retrospective evaluations of recurrences diagnosed within
these 5-years. Exclusion criteria were metastases at diagnosis,
cT-stage � 2, tumor size > 7.0 cm or previous RCC treatment.

Time to disease recurrence free survival (RFS) was calculated
from date of diagnosis to date of recurrence. The patient’s unique
Swedish personal identity number was linked to the Swedish
National Population Register for obtaining information about
overall survival. Survival time was defined as time from date of
diagnosis to date of death of any cause or being alive at the end
of follow-up (31 December 2018 for patients registered in the
NSKCR during the years 2005–2012 or 31 December 2020 for
patients registered during the years 2013–2014). Part of this
cohort, patients with cT1a RCC diagnosed during the years
2005–2012 (n¼ 1,935), were included in a recent study
[33,10,31,32]. Information about patients’ age, gender, TNM stage,
RCC type, tumor size and primary treatments were obtained from
the NSKCR. Patients classified as Nx in the register were re-

classified as N0/NX. Tumor size was defined as the largest diam-
eter of the tumor at CT. Tumor stage was defined according to
the 7th TNM classification and RCC type according to the WHO
classification [11,12]. Radiofrequency ablation (n¼ 267), cryoabla-
tion (n¼ 35) and HIFU (n¼ 2) were merged into the single vari-
able ablative treatments. Recurrence was defined as: residual
tumor in the treated kidney after primary ablation or partial neph-
rectomy, local recurrent disease in the kidney fossa after any treat-
ment or observed distant metastases.

Ethical approval

The study was approved by the regional Ethical Review
Board of Northern Sweden (Dnr 2012-418-31M) and the
Swedish Ethical Review Agency (Dnr 2019-02579).

Statistical analysis

Categorical variables are presented as frequencies and per-
centages, n (%), while continuous and ordinal variables are
given as means ± standard deviations (SDs). Differences
between groups were tested using Pearson’s v2-test for cat-
egorical variables and the Mann-Whitney U test for continu-
ous variables. Overall survival was analyzed by log-rank tests
and accompanied by Kaplan-Meier curves. The associations
of patient and tumor characteristics with recurrence and
with overall survival were assessed by uni- and multivariate
Cox regression analysis, with the results presented as hazard
ratios (HRs) with 95% confidence intervals (CIs). IBM SPSS
Statistics 26.0 was used for statistical analysis. Two-tailed p-
values < 0.05 were considered statistically significant.

Results

Patient and tumor characteristics

Each patient was followed-up for � 5 years, including date of
recurrence and site of recurrence, with a mean± SD follow-

Table 1. The distribution of patient’s characteristics in relation to renal cell carcinoma (RCC) type, of 4,965 patients with cT1 RCC extracted from the National
Swedish Kidney Cancer Register, years 2005–2014.

Variable ccRCC (n¼ 3,781) pRCC (n¼ 697) chRCC (n¼ 304) Other (n¼ 90) Unknown (n¼ 93)a All (n¼ 4,965)

Age (years) Mean 65.0b 66.0 63.9 66.3 74.8 65.2
Median (range) 66 (19–92) 67 (14–87) 65 (30–90) 68 (39–87) 78 (33–91) 67 (14–92)

Gender Men 2,238 516c 168 54 64 3,040
Women 1,543 (40.8%) 181 (26.0%) 136 (44.7%) 36 (40.0%) 29 (31.2%) 1,925 (38.8%)

T-stage pT1a 1,925 (50.9%) 438 (62.8%) 171 (56.3%) 51 (56.7%) 54 (58.1%) 2,639 (59.2%)
pT1b 1,394 (36.9%) 208 (29.8%) 99 (32.6%) 28 (31.1%) 36 (38.7%) 1,765 (35.5%)
pT3a 462 (12.2%) 51 (7.3%) 34 (11.2%) 11 (12.2%) 3 (3.2%) 561 (11.3%)

Upstage cT1 to pT3, n (%) Size� 40mm 91 (4.1) 20 (4.1) 10 (5.1) 1 (2.9) 0 (0.0) 122 (4.1)
Size> 40mm 371 (20.4) 31 (14.7) 24 (18.9) 10 (26.9) 3 (7.9) 439 (19.7)

N-stage N0/NX 3,749 682 302 83 89 4,905
N1 32 (0.8%) 15 (2.2%)d 2 (0.7%) 7 (7.8%) 4 (4.5%) 60 (1.2%)

Treatments Radical nephrectomy 2,459 324 171 47 5 3,006
Partial nephrectomy 1,059 308e 106 26 1 1,500
Ablation 205 55e 23 9 12 304
Other surgical methods 17 1 1 1 1 21
Surveillance 41 9 3 7 74 134

Percentage is counted as the number of patients with upstaging to pT3 upstage, N-stage, disease recurrence, and survival status in relation to total number of
comparable patients, respectively.
Note: Ablation included radiofrequency ablation (n¼ 267), cryoablation (n¼ 35), and HIFU (n¼ 2). aPatients with unknown histology was significantly older than
the other RCC types (p< 0.001). bPatients with ccRCC were significantly older than those with chRCC (p¼ 0.027). cSignificantly different from the ccRCC and
chRCC groups (p< 0.001 for both). dpRCC had significantly more frequently N1 than ccRCC and chRCC (p< 0.001). eSignificantly different proportion of partial
nephrectomy in pRCC (p< 0.001) and Ablation versus the other treatments (p¼ 0.010).
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up time of 7.4 ± 2.9 years. Among the 4,965 patients, 56% had
cT1a and 44% had cT1b RCC. After surgery and histological
examination, 561 (11%; 4% of cT1a and 19% of cT1b) patients
were upstaged to pT3 (Table 1). Tumor size associated signifi-
cantly with T3a upstaging (p< 0.001). Clear cell RCC (ccRCC)
was the most common RCC type (76%), followed by papillary
RCC (pRCC; 14%) and chromophobe RCC (chRCC; 6%). For 90
patients (1.8%) a variety of other RCC types were registered,
while for 93 (1.9%) patients histology was unknown, mostly in
patients being treated non-surgically (Table 1).

Treatment

Most (60%) patients were treated with radical nephrectomy, fol-
lowed by partial nephrectomy in 30% and ablative therapy in 6%
of the patients. Additionally, 21 patients were treated with various
other surgical procedures and 134 (2.7%) of the cT1 patients were
non-surgically treated (Table 1). The proportion of radical nephrec-
tomy increased with tumor size and was more frequent than par-
tial nephrectomy in tumors with a size of 40–70mm (p< 0.001).
Ablative therapy was rarely performed in cT1b (Table 2). Patients
treated with PN had a mean age of 61years, significantly younger
than those treated with RN (66years), ablation (68years) and sur-
veillance (76years) (data not shown).

Recurrence

As shown in Table 3, 578 (11.6%) patients were diagnosed
with recurrent disease: 44.3% had lung metastases, 18.7%

bone, 16.6% in the treated kidney and 9.9% in lymph nodes.
Local recurrence in the renal fossa was found in 1.0% of the
patients, with no significant difference between the RCC
types (Table 3). Lung recurrences were observed more often
among ccRCC than in pRCC-patients (p¼ 0.001), but no sig-
nificant differences were observed for other recurrence sites.
With only 12 chRCC-patients diagnosed with recurrence, no
meaningful statistical analyses could be performed for
this group.

Recurrence was more common among patients with
ccRCC (13%) than pRCC (9%) or chRCC (4%) (p¼ 0.009 and
p¼ 0.004, respectively; Table 1). Patients treated with radical
nephrectomy or ablation experienced recurrence more often
than partial nephrectomy-treated patients (14% and 17%,
respectively, vs 7%; p< 0.001; Table 2). Of the 53 recurrences
among ablation-treated patients, 38 were registered as local
recurrences only in the treated kidney and two patients had
local recurrences but also distant metastases. Among
patients treated with partial nephrectomy, 3.2% had local
kidney recurrences, significantly less frequent than patients
treated with ablation (p< 0.001). In total, 15 (4.9%) ablation
treated patients were diagnosed with distant metastases,
which did not differ from patients treated with partial neph-
rectomy (p¼ 0.116).

There were no differences in recurrences between gen-
ders in univariate analysis, while higher age significantly
associated with higher recurrence risk (p< 0.001; data not
shown). Table 4 shows the relations between pT-stage, RCC

Table 2. Recurrent disease in relation to tumor size and to the performed treatment shown in 4,965 patients with cT1M0 renal cell carcinoma.

Tumor
size (mm)

Radical nephrectomy Partial nephrectomy Ablationa Otherb Surveillance or, unknown All

n
Recurrence,

n (%) n
Recurrence,

n (%) n
Recurrence,

n (%) n
Recurrence,

n (%) n
Recurrence,

n (%) n
Recurrence,

n (%)

0�� 10 15 — 15 — 2 1 (50.0) 1 — 2 — 35 1 (2.8)
10�� 20 120 3 (2.5) 327 11 (3.4) 92 13 (14.1) 4 — 16 1 (6.3) 559 28 (5.0)
20�� 30 412 20 (4.9) 508 27 (5.3) 152 25 (16.4) 7 — 30 2 (6.7) 1,109 74 (6.8)
30�� 40 616 55 (8.9) 344 28 (8.1) 48 8 (16.7) 5 1 (20.0) 31 4 (12.9) 1,044 96 (9.2)
40�� 50 747 105 (14.1) 186 20 (10.7) 8 5 (62.5) 1 — 33 5 (15.2) 975 135 (13.8)
50�� 60 601 102 (17.0) 88 10 (11.4)) 2 1 (50.0) 1 1 (100.0) 15 — 707 114 (16.1)
60�� 70 495 121 (24.0) 32 7 (21.9) 0 — 2 1 (50.0) 7 1 (14.3) 536 130 (24.3)
Total 3,006 406 (13.5) 1,500 103 (6.9) 304 53 (17.4) 21 3 (14.3) 134 13 (9.7) 4,965 578 (11.6)

Percentage is counted as number of patients with recurrent disease in relation to number out of patients who underwent the same treatment.
aIncludes radiofrequency ablation (n¼ 267), cryoablation (n¼ 35), and HIFU (n¼ 2). bIncludes other surgical procedures.

Table 3. Distribution of sites of disease recurrence in relation to histological tumor type in 578 patients among the 4,965 patients with cT1M0 renal cell carcin-
oma at primary diagnosis.

Site of recurrence ccRCC (n¼ 3,781) pRCC (n¼ 697) chRCC (n¼ 304) Other (n¼ 90) Unknown (n¼ 93) All (n¼ 4,965)

All 635 86 16 20 10 767
-Lung 224a 20a 3 5 4 256
-Skeletal 92 10 2 3 1 108
-Lymph nodes 56 8 2 4 3 57
-Treated kidney 74 17 2 2 2 96
-Local groin 35 6 1 2 0 44
-Adrenal 36 6 0 1 0 43
-Contralateral kidney 18 4 2 1 0 25
-Liver 44 10 3 1 1 59
-Brain 19 1 0 0 0 20
-Other 37 4 0 2 0 43

Patients with recurrences 480b,c 64b,d 12c,d 14 8 578

ccRCC: clear cell renal cell carcinoma; chRCC: chromophobe renal cell carcinoma; pRCC: papillary renal cell carcinoma.
Notes: Patients may have more than one site of recurrence: 145 patients had two sites of recurrences, 44 patients had three sites, and four patients had four
sites registered. ap¼ 0.009 comparing recurrences in the lung between ccRCC and pRCC. bp¼ 0.001 comparing recurrent disease between ccRCC and pRCC.
cp< 0.001 comparing ccRCC and chRCC. dp¼ 0.004 comparing recurrences between pRCC and chRCC.
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type, recurrence, and overall death. Significant differences in
recurrence free-survival (RFS) were found for T-Stage, RCC
type, type of treatment and N-stage (all p< 0.001; data not
shown). More advanced T-stages had shorter RFS (p< 0.001),
while ccRCC and pRCC patients had shorter RFS than those
with chRCC (p< 0.001 and p¼ 0.012, respectively). Patients
treated with partial nephrectomy had longer RFS than
patients treated with both radical nephrectomy and ablation
(p< 0.001), while there was no significant difference between
radical nephrectomy and ablation (p¼ 0.114).

In adjusted analyses of RFS, women had a 17% signifi-
cantly lower risk for recurrence than men (HR ¼ 0.83; 95% CI
¼ 0.70–0.99) while higher age entailed a 1.6% increased risk
for recurrence per year of age (Table 5). Moreover, increased
tumor size was associated with a 2.7% increased risk for
recurrence per mm of tumor size (HR ¼ 1.03; 95% CI ¼
1.02–1.04). Higher T-stages implied increased risks of recur-
rence, HRs (95% CI) ¼ 1.32 (0.97–1.80) and 2.83 (2.04–3.93)
for pT1b and pT3a, respectively, compared with pT1a (Table
5). While patients treated with partial nephrectomy and rad-
ical nephrectomy did not differ significantly in recurrence
risk, having had an ablation implied a 3.8-times higher risk of
experiencing recurrence during follow-up (p< 0.001),

compared with radical nephrectomy (Table 5). Patients with
pRCC and chRCC, compared with ccRCC, had significantly
lower risks for disease recurrence; HR ¼ 0.75 (95% CI ¼
0.57–0.98) and 0.33 (95% CI ¼ 0.19–0.54), respectively (Table
5). A positive lymph node status entailed a nearly 5-times
higher risk for recurrent disease (Table 5). Supplementary
Table S1 shows, after excluding patients with local recur-
rence only, comparable results in adjusted multivari-
ate analysis.

Overall survival

Univariate association of T-stage, N-stage, RCC type, type of
treatment and recurrence in relation to overall survival is
illustrated by Kaplan-Meier curves in Figure 1(a–d). Age had
a major impact on overall survival while gender showed no
significant difference (data not shown). Increase in T-stage
and tumor size were associated with worse overall survival
(p< 0.001), while patients with ccRCC had worse overall sur-
vival than patients with pRCC or chRCC. Patients treated with
partial nephrectomy had better overall survival than those
treated with radical nephrectomy or ablation (all p< 0.001).

Table 4. Distribution of survival status in relation to RCC type, pT stage, occurrence of recurrent disease and survival in 4,965 patients with cT1 renal
cell carcinoma.

ccRCC pRCC chRCC Other Unknown

pT stage
No rec. Rec. No rec. Rec. No rec. Rec. No rec. Rec. No rec. Rec.

Status (n¼ 3,301) (n¼ 480) (n¼ 633) (n¼ 64) (n¼ 292) (n¼ 12) (n¼ 76) (n¼ 14) (n¼ 85) (n¼ 8)

pT1a Dead, n (%) 390 (21.3) 66 (49.6) 83 (20.3) 13 (44.8) 17 (10.2) 0 (0.0) 15 (39.1) 2 (50.0) 27 (55.1) 4 (80.0)
Censored, n (%) 1,402 67 326 16 149 5 32 2 22 1

pT1b Dead, n (%) 329 (27.8) 149 (69.6) 63 (33.9) 17 (77.3) 17 (18.1) 3 (60.0) 10 (43.5) 5 (100.0) 27 (79.4) 2 (100.0)
Censored, n (%) 851 65 123 5 77 2 13 0 7 0

pT3 Dead, n (%) 134 (40.7) 95 (71.4) 16 (42.1) 24 (82.7) 8 (25.0) 2 (100.0) 3 (50.0) 5 (100.0) 2 (100.0) 1 (100.0)
Censored, n (%) 195 38 22 5 24 0 3 0 0 0

Percentage of patient’s dead of any cause without (No rec.) or with (Rec.) recurrent disease is shown in brackets.
ccRCC: clear cell RCC; chRCC: chromophobe RCC; pRCC: papillary RCC; RCC: renal cell carcinoma; Rec.: recurrent disease.

Table 5. Results for Cox regression analysis of factors important for time to recurrent disease in 4,965 patients with non-metastatic cT1 renal cell carcinoma.

Unadjusted Adjusted

95.0% CI for HR 95.0% CI for HR

HR Lower Upper p-value HR Lower Upper p-value

Age (years, continuous) 1.03 1.02 1.04 <0.001 1.02 1.01 1.02 <0.001
Gender
Male Ref.
Female 0.86 0.72 1.02 0.08 0.83 0.70 0.99 0.033
Tumor size (mm, continuous) 1.04 1.03 1.04 <0.001 1.03 1.02 1.04 <0.001
N-stage (N0/NX vs N1) 9.08 6.28 13.14 <0.001 4.77 3.24 7.02 <0.001
pT stage
pT1a Ref. Ref.
pT1b 2.24 1.85 2.72 <0.001 1.32 0.97 1.80 0.076
pT3a 5.10 4.10 6.33 <0.001 2.83 2.04 3.93 <0.001
Treatment
Radical nephrectomy Ref. Ref.
Partial nephrectomy 0.48 0.38 0.59 <0.001 1.03 0.81 1.32 0.79
Ablation 1.30 0.98 1.73 0.07 3.78 2.69 5.32 <0.001
Other surgeries 1.18 0.38 3.67 0.78 2.28 0.73 7.14 0.158
Surveillance 0.93 0.53 1.61 0.785 1.55 0.76 3.18 0.231
RCC type
ccRCC Ref. Ref.
pRCC 0.72 0.55 0.93 0.012 0.75 0.57 0.98 0.036
chRCC 0.29 0.17 0.52 <0.001 0.33 0.19 0.59 <0.001
Other RCC types 1.39 0.81 2.36 0.229 1.09 0.64 1.88 0.748
Unknown RCC type 0.81 0.40 1.63 0.551 0.59 0.24 1.44 0.246

CI: confidence interval; HR: hazard ratio; Ref.: reference.
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Figure 1. Kaplan-Meier curves of univariate overall survival probability in relation to (a) T stage, pT1a, versus pT1b versus pT3a, (p< 0.001 for all pair-wise differen-
ces), (b) patients with recurrent disease versus no recurrence (p< 0.001), (c) RCC types (p< 0.001 for chromophobe RCC versus papillary RCC versus clear cell RCC),
and (d) treatment with partial nephrectomy, ablative treatment, and radical nephrectomy (p< 0.001 for partial nephrectomy versus ablation, and versus radical
nephrectomy, respectively). Number of patients at risk are shown below corresponding time points.

Table 6. Results from Cox regression analysis of factors important for overall survival in 4,965 patients with non-metastatic cT1 renal cell carcinoma, adjusted
for age, gender, tumor size, RCC type, pT-stage, given treatment, recurrence status and N-stage.

Unadjusted Adjusted

95.0% CI for HR 95.0% CI for HR

HR Lower Upper p-value HR Lower Upper p-value

Age (years, continuous) 1.08 1.07 1.08 <0.001 1.07 1.06 1.07 <0.001
Gender

Male Ref. Ref.
Female 0.94 0.85 1.04 0.240 0.86 0.77 0.95 0.004

Tumor size (mm, continuous) 1.02 1.02 1.02 <0.001 1.01 1.01 1.02 <0.001
RCC type

ccRCC Ref. Ref.
pRCC 0.96 0.82 1.11 0.555 1.04 0.89 1.21 0.635
chRCC 0.48 0.36 0.65 <0.001 0.59 0.44 0.78 <0.001
Other 1.81 1.32 2.49 <0.001 1.55 1.12 2.16 0.008
Unknown 2.97 2.31 3.83 <0.001 0.95 0.65 1.39 0.800

pT stage
pT1a Ref. Ref.
pT1b 1.55 1.39 1.73 <0.001 0.85 0.71 1.02 0.075
pT3 2.50 2.17 2.89 <0.001 1.12 0.91 1.37 0.280

Treatment
Radical nephrectomy Ref. Ref.
Partial nephrectomy 0.50 0.44 0.58 <0.001 0.82 0.71 0.95 0.010
Ablation 0.83 0.66 1.04 0.104 0.95 0.74 1.22 0.691
Other surgeries 1.94 1.07 3.51 0.029 2.09 1.13 3.89 0.019
Surveillance 3.31 2.70 4.07 <0.001 2.57 1.88 3.50 <0.001

Recurrence (yes vs no) 3.65 3.24 4.11 <0.001 2.86 2.53 3.24 <0.001
N-stage (N0/NX vs N1) 5.12 3.81 6.86 <0.001 2.20 1.62 2.99 <0.001

CI: confidence interval; HR: hazard ratio; Ref.: reference; other: other RCC types.
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In adjusted analyses, higher age increased the risk for
overall death by 6.7% per year of age, while females had lon-
ger OS than males (Table 6). Larger tumor size significantly
increased the risk for overall death during follow-up by 14%
for each cm larger size (Table 6). Partial nephrectomy treated
patients had significantly longer overall survival compared
with radical nephrectomy, HR ¼ 0.82 (95% CI ¼ 0.71–0.95;
p¼ 0.010), while ablation did not differ significantly from RN-
treated patients (Table 6). T-stage did not remain significant
in the adjusted analyses, including recurrence in the model.
For RCC type, chRCC implied a significantly better overall sur-
vival than having ccRCC, HR ¼ 0.59 (95% CI ¼ 0.44–0.78;
p< 0.001), while patients with pRCC had a similar overall sur-
vival risk as ccRCC. Moreover, patients with other RCC types
and patients with unknown RCC types had significantly
higher risks for adverse overall survival. Both N-stage and
recurrence entailed higher risks for reduced overall survival,
HRs (95% CI) ¼ 2.20 (1.62–2.99) and 2.86 (2.53–3.24), respect-
ively (Table 6). Supplementary Table S2 includes an adjusted
multivariate analysis without influence of recurrence in the
model, showing comparable results.

Discussion

This real-world nation-wide register-based total population
cohort study of cT1 RCC patients showed that several factors
affected recurrence and overall survival. Patients were
treated based on decisions taken by the individual urologist
and the patient’s preferences. Generally, it is assumed that
non-metastatic cT1 RCC patients have an excellent prognosis,
being in the most advantageous RCC stage [3]. However, as
shown in the present study, the risk for disease progression
and early death is not trivial. A significant proportion of
these cT1 patients were afflicted with upstaging and recur-
rences, features associated with adverse survival.

Results in perspective

Our results showed that, in adjusted analyses, the risks for
recurrence and overall death increased by 2.7% and 1.4%,
respectively, per mm increase in tumor size. Thus, tumor size
seems to be important for the ultimate clinical course even
in small RCCs. These results indicate that increase in tumor
size is an independent risk factor for recurrence and death.
Thus, early tumor treatment is desirable. This conclusion is
strengthened by the fact that older patients in our study had
higher risks, possibly due to longer time of tumor growth
before diagnosis. As expected, higher age at diagnosis was
also independently associated with shorter overall survival.

The present study also showed that upstaging from cT1
to pT3 was predictive of tumor recurrence and reduced over-
all survival, in line with previous studies suggesting that
upstaging was afflicted with a more aggressive disease
[13,14,15]. In our study, 11.3% of cT1 were upstaged to pT3,
a proportion slightly higher than the 9.3% reported by Nayak
et al. [8] but in concordance with the 11.4% observed in a
recent multi-site study comprising 8185 cT1-2 RCC patients
[13]. In another recent review and metanalysis of 21,869

patients with cT1 RCCs, 5.7% were upstaged [14]. The higher
proportion of upstaging observed in the present study might
be due to the use of an unselected nation-wide total popula-
tion group of patients. Thus, improved radiological staging
of cT1 tumors seems warranted [16,17]. In the adjusted ana-
lysis in our study, T-stage did not remain a significant pre-
dictor of OS when recurrence was included in the analysis.
Moreover, the rarely occurring (1.2%) N1 disease was signifi-
cantly associated with recurrence and worse overall survival
in adjusted analyses, confirming previous reports [18].

In the present study, RCC type was another important fac-
tor for disease recurrence and overall survival. Patients with
chRCC entailed significantly fewer recurrences than other
RCC-types, in concordance with earlier studies [19,20]. In
adjusted analysis, patients with chRCC and pRCC had better
RFS than those with ccRCC. In contrast to Abu-Ghanem et al.
[20], we found no obvious difference in pattern of recurrence
sites based on RCC type, except a higher rate of lung recur-
rences in ccRCC than in pRCC patients. In adjusted analyses,
chRCC implied a 42% lower risk for impaired overall survival
compared with ccRCC.

Treatment of cT1 RCC patients is based on several consid-
erations adjusted by recommendations and surgeons’ prefer-
ences [3,4]. The proportion of radical nephrectomy in this
study was 60%, with an increasing proportion of nephron
sparing treatments over time [2]. Local recurrence was most
common in patients selected for ablation, in line with previ-
ous reports [21,22]. A majority of the recurrences after abla-
tive treatments were localized in the treated kidney.
Nevertheless, it implies a need for a more intense imaging
follow-up and retreatment after ablation than after surgical
resection, supporting established guidelines [3,4]. Most previ-
ous studies comparing oncological outcomes of partial and
radical nephrectomies were retrospective and mostly with a
limited number of included patients [23]. The differences in
recurrence may be attributed to factors such as central ver-
sus peripheral tumor location, tumor complexity, and tumor
size, factors that may influence the treatment decision
towards radical nephrectomy and therefore entail more fre-
quent recurrences and tumors with poorer prognosis than
after partial nephrectomy [24]. Similarly, patients selected for
ablation may be unsuitable for partial nephrectomy, due to
age, co-morbidities, or tumor associated factors that may
have influenced the clinical outcome.

It has been debated whether partial nephrectomy
improves overall survival compared with radical nephrec-
tomy. Partial nephrectomy preserves kidney function better
than radical nephrectomy, thereby potentially reducing the
risk of developing cardiovascular disorders [25]. Particularly in
patients with pre-existing reduced kidney function, partial neph-
rectomy is the treatment of choice to limit the risk for haemo-
dialysis. Huang et al. [26] found that 26% of patients with
newly-diagnosed RCC had a glomerular filtration rate � 60mL/
min, even though their baseline serum creatinine levels were in
the normal range. Compared with radical nephrectomy, several
retrospective analyses have suggested a decreased cardiovascu-
lar-specific mortality and improved overall survival for patients
treated with partial nephrectomy [3,27]. In some series this held
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true only for younger patients [28]. However, there were obvi-
ous evidence limitations, with most studies afflicted by a low
methodological quality. In the only randomized clinical trial,
prematurely closed and heavily underpowered, partial nephrec-
tomy seemed to be inferior to radical nephrectomy in terms of
overall survival in the intention-to-treat analyses [29]. The pre-
sent study, using real-word data, showed that partial nephrec-
tomy-treated patients had an 18% lower risk for reduced
overall survival compared with radical nephrectomy. This sur-
vival advantage was independent of patients’ age, gender,
T-stage, tumor size, and RCC type, results supporting a recent
systematic review by Chung et al. [30], who found significantly
improved overall survival for patients treated with partial neph-
rectomy (HR ¼ 0.74; 95% CI ¼ 0.75–0.95) compared with rad-
ical nephrectomy. Despite higher mean age at diagnosis,
ablation-treated patients had a non-significantly similar risk for
overall death in adjusted analysis, in line with a recent study of
cT1a RCC [10]. Using the SEER cancer database, Tang et al. [31]
showed the importance of tumor size for both all-cause mortal-
ity and cancer-specific mortality when analyzing partial neph-
rectomy, ablative treatment and active surveillance, respectively.
In a multicenter review of 1,783 cT1 RCC patients without
chronic kidney disease, the authors concluded that patients
who benefit most from PN were those with relevant co-morbid-
ities [32]. Our results indicate that PN-treated patients have an
OS advantage, possibly due to preserved renal function.

Strengths and limitations

Important limitations of the present study were that con-
founders such as concomitant diseases, performance status,
and cause of death were unavailable. Since there likely was a
bias in the selection of the primary treatment, a comprehen-
sive comparison between the given treatments was not pos-
sible. Furthermore, it should be noted that the study period
includes early learning curves for the different ablation tech-
niques and laparoscopic and robotic assisted partial nephrec-
tomies, respectively, and the results therefore may not be
representative of today’s standard of treatment. With regis-
ter-based data being collected from a wide range of hospi-
tals, complete uniformity in data collection was unattainable
and may have resulted in coding discrepancies. All patients,
evaluated with CT or MRI at primary diagnosis, were treated
based on patients and surgeons’ preferences. The NSKCR
has, however, showed a high comparability and validity [33].
Important strengths of the present study were that the par-
ticipants constituted a non-selected nation-wide total popu-
lation cohort of practically all RCC patients in Sweden, all
having valid overall survival data available.

Conclusions

Our study of cT1 RCC patients showed that age, gender,
T-stage, tumor size, RCC type and treatment modality all
associated with risk of recurrence. Furthermore, age, male
gender, tumor size, N-stage and recurrence associated with
reduced overall survival. Patients with chRCC, compared with
ccRCC and pRCC and patients treated with partial

nephrectomy compared with radical nephrectomy had an
advantageous overall survival, indicating a possible survival
advantage of nephron sparing treatment.
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