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Exploratory analysis of the
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Aim: To examine the prognostic value of the platelet-to-lymphocyte ratio (PLR) in the adjuvant renal cell
carcinoma setting. Materials & methods: Patients received adjuvant sunitinib (50 mg/day; 4 weeks on/2
weeks off) or placebo. The primary end point was disease-free survival (DFS). Results: In 609 patients, DFS
was similar for baseline PLR <140 versus ≥140 overall (median: 6.4 vs 5.9 years; hazard ratio: 0.9; 95%
CI: 0.7–1.2). A ≥25% decrease in PLR at week 4 overall was associated with longer DFS versus no change
(hazard ratio: 0.8; 95% CI: 0.6–1.0). Conclusion: Baseline PLR was not prognostic for DFS with adjuvant
sunitinib treatment in patients with renal cell carcinoma.

Clinical Trials Registration: NCT00375674 (ClinicalTrials.gov)

First draft submitted: 26 June 2020; Accepted for publication: 16 September 2020; Published online:
8 October 2020
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Cancer cells release many chemical mediators that directly and indirectly modulate inflammation and immune
processes. This includes platelet activation, which may promote cancer progression through multiple mechanisms,
including enhanced angiogenesis, cell proliferation, inflammation, immune surveillance evasion, and by enhancing
invasive potential and extravasation of cancer cells [1,2]. The platelet-to-lymphocyte ratio (PLR) is a surrogate for
systemic inflammation [3]. PLR has shown promise as a prognostic marker of clinical outcomes for a variety of
cancers, including localized and metastatic renal cell carcinoma (RCC) [4–6], where elevated PLR was prognostic
for worse outcomes. Patients with locoregional RCC with a high risk of recurrence represent approximately 15%
of the overall RCC population [7], and over a 5-year period, their recurrence rate is approximately 60% [7]. This
indicates a clear unmet need for effective adjuvant therapy. In the S-TRAC trial, adjuvant sunitinib significantly
improved disease-free survival (DFS) versus placebo (median: 6.8 vs 5.6 years; hazard ratio [HR]: 0.76; 95% CI:
0.59–0.98; p = 0.03) [8]. Using data from S-TRAC to retrospectively identify biomarkers associated with greater
clinical benefit from adjuvant sunitinib therapy could inform future clinical studies. This exploratory analysis of
S-TRAC evaluated any possible prognostic and/or predictive value of PLR in patients with locoregional clear-cell
RCC at high risk of recurrence post nephrectomy.

Materials & methods
S-TRAC was a double-blind, randomized, multicenter Phase III trial that randomized 615 patients in a 1:1 ratio
to receive either adjuvant sunitinib (50 mg/day) or placebo on a 4-weeks-on/2-weeks-off schedule for 1 year
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Table 1. Patient demographics and baseline characteristics overall and by baseline platelet-to-lymphocyte
ratio.
Characteristic PLR <140

(n = 325)
PLR ≥140
(n = 284)

Total
(n = 609)

Age, median (range), years 58.0 (27–83) 56.0 (21–82) 58.0 (21–83)

Sex, n (%)

– Male 247 (76.0) 199 (70.1) 446 (73.2)

– Female 78 (24.0) 85 (29.9) 163 (26.8)

ECOG PS, n (%)

– 0 240 (73.8) 204 (71.8) 444 (72.9)

– 1 85 (26.2) 76 (26.8) 161 (26.4)

– 2 0 1 (0.4) 1 (0.2)

– Not reported 0 3 (1.1) 3 (0.5)

UISS high-risk group, n (%)

– T3 N0 or NX, M0, Fuhrman’s grade ≥2, ECOG PS ≥1 178 (54.8) 149 (52.5) 327 (53.7)

–T3 N0 or NX, M0, any Fuhrman’s grade, ECOG PS 0, or T3 N0 or
NX, M0, Fuhrman’s grade = 1, ECOG PS ≥1

120 (36.9) 106 (37.3) 226 (37.1)

– T4 N0 or NX, M0, any Fuhrman’s grade, any ECOG PS 2 (0.6) 6 (2.1) 8 (1.3)

– Any T, N1–2, M0, any Fuhrman’s grade, any ECOG PS 25 (7.7) 23 (8.1) 48 (7.9)

Fuhrman’s grade, n (%)

– 1 11 (3.4) 8 (2.8) 19 (3.1)

– 2 116 (35.7) 91 (32.0) 207 (34.0)

– 3 146 (44.9) 131 (46.1) 277 (45.5)

– 4 52 (16.0) 52 (18.3) 104 (17.1)

– Not reported 0 2 (0.7) 2 (0.3)

ECOG PS: Eastern Cooperative Oncology Group performance status; PLR: Platelet-to-lymphocyte ratio; UISS: UCLA Integrated Staging System.

(ClinicalTrials.gov: NCT00375674) [8]. The trial was conducted in compliance with the International Conference
on Harmonisation Good Clinical Practice guidelines, with the ethical principles originating in or derived from the
Declaration of Helsinki, and in accordance with applicable local regulatory requirements and laws. The independent
review board or ethics committee at each participating center approved the trial, and all patients provided written
informed consent.

The primary end point was DFS, determined by blinded independent central review, defined as the time from
randomization to recurrence or occurrence of metastasis, a secondary primary malignancy, or death, whichever
occurred first. High-risk patients were defined as those patients with ≥pT3 and/or N+ tumors based on the UCLA
Integrated Staging System (UISS). The baseline measure of PLR was determined postsurgery and no earlier than 2
weeks before randomization and initiation of treatment. Receiver-operating characteristic (ROC) plots were applied
to baseline PLR data to identify optimal PLR cutoff values. Kaplan–Meier analyses were performed on baseline
PLR values and the change in PLR at the end of the first dosing cycle (week 4) to assess their association with DFS.
Week 4 was selected because hematology and laboratory chemistry tests were conducted on day 28 at the time
when patients had completed their first treatment cycle. Statistical comparison of baseline PLR data with DFS was
performed using a two-sided unstratified log-rank test. Statistical comparison of the change from the baseline PLR
value to the week 4 value with DFS was based on a two-sided log-rank test stratified by the UISS high-risk group.
Significance was set at p < 0.05 for all statistical tests.

Results
In total, data from 609 patients were available for analysis. ROC analysis identified an optimal cutoff value for
baseline PLR of 140. As a result, 325 patients (53.4%) had PLR <140 and 284 (46.6%) had PLR ≥140 (Figure 1A).
Demographic and baseline characteristics of the total patient population and by PLR cutoff (<140 vs ≥140) are
shown in Table 1. Characteristics were similar irrespective of PLR category.
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Figure 1. Optimal cutoff for baseline platelet-to-lymphocyte ratio and treatment outcomes by baseline
platelet-to-lymphocyte ratio. (A) ROC analysis of baseline PLR. (B) DFS by baseline PLR. (C) Change in PLR from
baseline at week 4. In (A), the red D-symbol refers to the optimal cutoff point. Data in (B) and (C) are from the overall
patient population. (B) Data are for PLR of <140 versus ≥140. p-values were two-sided and based on an unstratified
log-rank test. (C) Data are for ≥25% decrease in PLR versus no change versus ≥25% increase in PLR. Patients without
PLR values at baseline or week 4 were excluded. p-values were two-sided and based on a log-rank test stratified by
the UISS high-risk group.
DFS: Disease-free survival; HR: Hazard ratio; mDFS: Median DFS; NE: Not estimable; PLR: Platelet-to-lymphocyte ratio;
ROC: Receiver-operating characteristic; UISS: UCLA Integrated Staging System.
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In the overall population, there was no difference in DFS for baseline PLR <140 versus ≥140 (median: 6.4 vs
5.9 years; HR: 0.9; 95% CI: 0.7–1.2; p = 0.45) (Figure 1B). There was also no difference in DFS for baseline PLR
<140 versus ≥140 in the sunitinib (median: not reached vs 6.8 years; HR: 0.8; 95% CI: 0.6–1.2; p = 0.33) or
placebo (median: 5.6 vs 5.3 years; HR: 1.0; 95% CI: 0.7–1.4; p = 0.87) treatment arms. There was a trend toward
longer DFS for sunitinib versus placebo for baseline PLR <140 (median: not reached vs 5.6 years; HR: 0.7; 95%
CI: 0.5–1.0; p = 0.06). However, in patients with baseline PLR ≥140, DFS was similar for sunitinib versus placebo
(median: 6.8 vs 5.3 years; HR: 0.8; 95% CI: 0.6–1.2; p = 0.27).

Change in PLR from baseline at week 4 (i.e., at the end of the first treatment cycle) was determined and its
association with DFS examined. In the sunitinib treatment arm (n = 281), 175 (62.3%) patients had a ≥25%
decrease in PLR from baseline at week 4, 74 (26.3%) had no change, and 32 (11.4%) had a ≥25% increase. By
comparison, in the placebo treatment arm (n = 293), 43 (14.7%) patients had a ≥25% decrease in PLR from
baseline at week 4, 225 (76.8%) had no change and 25 (8.5%) had a ≥25% increase. The distributions of the
change in PLR at week 4 were statistically significantly different (p < 0.0001) between sunitinib and placebo. In the
overall population, a ≥25% decrease in PLR at week 4 was associated with longer DFS versus no change (median:
6.8 vs 5.8 years; HR: 0.8; 95% CI: 0.6–1.0; p = 0.05) (Figure 1C), but it was not statistically significantly different
in those with a ≥25% increase versus no change (median: 2.5 vs 5.8 years; HR: 1.4; 95% CI: 0.9–2.1; p = 0.12).
In the sunitinib arm, there was no difference in DFS in patients with a ≥25% decrease in PLR at week 4 versus no
change (median: 7.1 vs 5.9 years; HR: 0.8; 95% CI: 0.5–1.2; p = 0.27). Similarly, there was no difference in DFS
in patients with a ≥25% decrease in PLR at week 4 versus no change in the placebo arm (median: 5.8 vs 5.3 years;
HR: 1.1; 95% CI: 0.7–1.7; p = 0.76). At week 4, patients with a ≥25% decrease in PLR received a numerically
greater median total cumulative dose (9856.3 mg) compared with patients with no change (9418.8 mg) and those
with a ≥25% increase (6424.0 mg).

Discussion
In this exploratory analysis of data from the S-TRAC study of adjuvant sunitinib versus placebo in patients with
locoregional clear-cell RCC at high risk of recurrence post nephrectomy, baseline PLR was not found to be a useful
predictor of DFS. Overall, the change in PLR from baseline to the end of the first treatment cycle (i.e., week 4)
appeared to be prognostic for outcome (p = 0.05). Change in PLR to the end of the first treatment cycle may
be a novel, easily applicable and inexpensive prognostic factor to assess. Indeed, incorporating PLR instead of
platelet count improves the prognostic accuracy of the International Metastatic Renal Cell Carcinoma Database
Consortium model [9]. Moreover, significantly more patients in the sunitinib arm reported a ≥25% decrease in
PLR compared with placebo. However, in neither the sunitinib nor placebo arms, there was a significant difference
in DFS between those with a ≥25% decrease in PLR and no change (p = 0.27 and 0.76, respectively). It is therefore
possible that the apparent prognostic ability of change in PLR to week 4 is simply a proxy measure for the greater
reduction in platelets with sunitinib treatment.

An additional finding from this analysis was that patients who had a ≥25% decrease in PLR at week 4 received
a larger cumulative dose of sunitinib compared with those patients who experienced no change in PLR or a ≥25%
increase. The change in PLR at the end of the first treatment cycle could therefore be used to identify patients most
likely to tolerate and maintain sunitinib dose, and thereby continue to accrue potential benefit from treatment,
while needless treatment-related toxicity risk could be reduced in those unlikely to accrue potential benefit.

The lack of prognostic value of baseline PLR in the current analysis is in contrast to previous studies in advanced
RCC where elevated PLR was prognostic for shorter progression-free survival, overall survival, recurrence-free
survival and cancer-specific survival, compared with lower PLR levels [4–6,10–15]. This may reflect intrinsic study
differences in patient inclusion criteria, differences in type of inflammation (inflammation associated with tumor
volume vs postsurgical inflammation), treatment setting (nonadjuvant vs adjuvant), the use of DFS as the treatment
end point and study power. Moreover, postoperative PLR values may have been affected by differing time intervals
after surgery at the time of study recruitment, and there may have been confounding blood transfusions in a very
small number of patients, since the advent of laparoscopic radical nephrectomy in this patient population, which
were not documented on case report forms, further contributed to a negative result. Reasons for the discrepancies
between this analysis and other studies warrant further exploration. For instance, the prognostic value of PLR
in other studies of adjuvant treatment for RCC with similar risk patient populations as in S-TRAC, such as the
ASSURE [16] and PROTECT [17] trials, could be examined.

406 Future Oncol. (2021) 17(4) future science group
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In the S-TRAC trial, the day of nephrectomy was considered as ‘day 0,’ therefore preoperative patient data, such
as clinical laboratory blood tests and including platelet and lymphocyte levels, were not captured. Given that the
trial was in the adjuvant treatment setting, it would be informative to further analyze whether prenephrectomy
PLR values were prognostic for outcomes. However, this was not possible in this post hoc analysis of the existing
S-TRAC dataset. If other datasets in the adjuvant treatment setting, such as for ASSURE or PROTECT [16,17], did
capture prenephrectomy patient data including laboratory values, such an analysis could be conducted.

A separate exploratory analysis of data from S-TRAC examined the prognostic capability of the neutrophil-to-
lymphocyte ratio (NLR) on DFS [18]. Cutoff values of <3 and ≥3 for baseline NLR were identified using ROC
analysis. Overall, median DFS was shorter in the NLR <3 group versus the NLR ≥3 group (HR: 1.4; p = 0.04),
and patients in the NLR <3 group who received sunitinib had longer median DFS than those who received placebo
(HR: 0.7; p = 0.02). A ≥25% decrease in NLR at week 4 was associated with longer DFS versus no change (HR:
0.7; p = 0.01), and more patients in the sunitinib group had a ≥25% decrease at week 4 versus placebo (71.2 vs
17.4%). Baseline NLR level and change in NLR after the first adjuvant sunitinib treatment cycle appeared to be
prognostic for DFS in S-TRAC.

Conclusion
In summary, this exploratory analysis showed that baseline PLR was not prognostic for DFS in patients with
locoregional clear-cell RCC at high risk of recurrence post nephrectomy treated with adjuvant sunitinib, possibly
due to a lack of statistical power and postoperative hemodynamic effects in this study population, where baseline
prenephrectomy data were not collected.

Summary points

• Elevated platelet-to-lymphocyte ratio (PLR) is a prognostic marker of worse clinical outcomes in advanced renal
cell carcinoma (RCC) but has not been tested in the earlier adjuvant treatment setting.

• In the S-TRAC trial, adjuvant sunitinib significantly improved disease-free survival (DFS) versus placebo in patients
with locoregional clear-cell RCC at high risk of recurrence post nephrectomy.

• This exploratory analysis examined the prognostic value of PLR using data from the S-TRAC study.
• Receiver-operating characteristic analysis identified an optimal cutoff value for baseline PLR of 140 (53.4% had

PLR <140, and 46.6% had PLR ≥140).
• In 609 patients, DFS was similar for baseline PLR <140 versus ≥140 overall (median: 6.4 vs 5.9 years; hazard ratio

[HR]: 0.9; 95% CI: 0.7–1.2), and in each treatment arm (sunitinib: HR: 0.8; 95% CI: 0.6–1.2; placebo: HR: 1.0; 95%
CI: 0.7–1.4).

• Proportionally, more sunitinib-treated patients had a ≥25% PLR decrease at week 4 versus placebo (62.3 vs
14.7%).

• A ≥25% decrease in PLR at week 4 overall was associated with longer DFS versus no change (HR: 0.8; 95% CI:
0.6–1.0), but there was no difference in the sunitinib arm (HR: 0.8; 95% CI: 0.5–1.2).

• In conclusion, baseline PLR did not demonstrate prognostic value for DFS in the adjuvant sunitinib treatment
setting in patients with RCC at high risk of recurrence post nephrectomy.
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