
CLINICAL CANCER RESEARCH | PRECISION MEDICINE AND IMAGING

[89Zr]Zr-DFO-girentuximab and [18F]FDG PET/CT to
Predict Watchful Waiting Duration in Patients with
Metastatic Clear-cell Renal Cell Carcinoma
Sarah R. Verhoeff1, Sjoukje F. Oosting2, Sjoerd G. Elias3, Suzanne C. van Es2, Sophie L. Gerritse1,4,
Lindsay Angus5, Sandra Heskamp6, Ingrid M.E. Desar1, C. Willemien Menke-van der Houven van Oordt4,
Astrid A.M. van der Veldt5, Anne I.J. Arens6, Adrienne H. Brouwers7, Bertha Eisses2, Peter F.A. Mulders8,
Otto S. Hoekstra9, Gerben J.C. Zwezerijnen9, Winette T.A. van der Graaf10,1, Erik H.J.G. Aarntzen6,
Wim J.G. Oyen11,12,6, and Carla M.L. van Herpen1

ABSTRACT
◥

Purpose:Watchful waiting (WW) can be considered for patients
withmetastatic clear-cell renal cell carcinoma (mccRCC) with good
or intermediate prognosis, especially those with <2 International
Metastatic RCC Database Consortium criteria and ≤2 metastatic
sites [referred to as watch andwait (“W&W”) criteria]. The IMaging
PAtients for Cancer drug SelecTion-Renal Cell Carcinoma study
objectivewas to assess the predictive value of [18F]FDGPET/CTand
[89Zr]Zr-DFO-girentuximab PET/CT for WW duration in patients
with mccRCC.

Experimental Design: Between February 2015 and March 2018,
48 patients were enrolled, including 40 evaluable patients with good
(n ¼ 14) and intermediate (n ¼ 26) prognosis. Baseline contrast-
enhanced CT, [18F]FDG and [89Zr]Zr-DFO-girentuximab PET/CT
were performed. Primary endpoint was the time to disease pro-
gression warranting systemic treatment. Maximum standardized
uptake values (SUVmax) were measured using lesions on CT images
coregistered to PET/CT. High and low uptake groups were defined

on the basis of median geometric mean SUVmax of RECIST-
measurable lesions across patients.

Results: The medianWW time was 16.1 months [95% confidence
interval (CI): 9.0–31.7].ThemedianWWperiodwas shorter inpatients
with high [18F]FDG tumor uptake than those with low uptake (9.0 vs.
36.2 months; HR, 5.6; 95% CI: 2.4–14.7; P < 0.001). Patients with high
[89Zr]Zr-DFO-girentuximab tumor uptake had a medianWWperiod
of 9.3 versus 21.3 months with low uptake (HR, 1.7; 95% CI: 0.9–3.3;
P ¼ 0.13). Patients with “W&W criteria” had a longer median WW
period of 21.3 compared with patients without: 9.3 months (HR, 1.9;
95% CI: 0.9–3.9; Pone-sided ¼ 0.034). Adding [18F]FDG uptake to the
“W&Wcriteria” improved the prediction ofWWduration (P< 0.001);
whereas [89Zr]Zr-DFO-girentuximab did not (P ¼ 0.53).

Conclusions: In patients with good- or intermediate-riskmccRCC,
low [18F]FDG uptake is associated with prolonged WW. This study
shows the predictive value of the “W&W criteria” for WW duration
and shows the potential of [18F]FDG-PET/CT to further improve this.

Introduction
Metastatic clear-cell renal cell carcinoma (mccRCC) has a

variable course (1, 2). The International Metastatic RCC Data-
base Consortium (IMDC) criteria, initially designed to predict
survival of patients on first-line antiangiogenic drugs (3, 4), can
be used to identify patients with mccRCC with indolent disease.
In those patients, a period of watchful waiting (WW) can be
considered (5, 6).

ThisWW strategy prevents overtreatment, unnecessary side effects,
and treatment costs, but the current strategy to select patients forWW

leaves room for improvement (3, 7, 8). Therefore, a prospective study
was performed to improve the selection of patients for WW (9). It was
reported that patients with <2 IMDC risk factors and ≤2 involved
organs have a WW period of 22.2 months compared with 8.4 months
in patients with ≥2 IMDC risk factors and/or >2 involved organ
sites. These criteria, further referred to as watch and wait (“W&W”)
criteria, have not been externally validated.

ccRCC biology has been studied intensively, especially the role of
cellular homeostasis, glucose metabolism, and carbonic anhydrase IX
(CAIX) expression (10–13). An increased glucose metabolism, as
visualized by PET with [18F]FDG, has been associated with poor
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survival (14, 15). Overexpression of CAIX has been correlated with
indolent disease although evidence is contradictory (16–20). The
radiolabeled mAb girentuximab, [89Zr]Zr-DFO-girentuximab, can
visualize CAIX expression using PET/CT, which potentially identifies
patients with indolent disease (16, 21–24).

In the IMaging PAtients for Cancer drug SelecTion (IMPACT)-
Renal Cell Carcinoma (RCC) study, we evaluated the predictive value
of PET/CT using [18F]FDG and [89Zr]Zr-DFO-girentuximab in
patients withmccRCCand a goodor intermediate prognosis according
to IMDC. The primary objective was to predict time to disease
progression warranting systemic treatment. A secondary objective
was to validate the “W&W criteria” (9).

Materials and Methods
Selection criteria

In this prospective multicenter cohort study (ClinicalTrials.gov:
NCT02228954), patients aged ≥18 years with histologically proven
RCC with a clear cell component, recently (<6 months) diagnosed
metastases, and 0–2 IMDC risk factors were enrolled (3). Patients
were eligible if a WW period of at least 2 months was expected.
Patients with previous systemic treatment for mccRCC, untreated
central nervous system metastases, or symptomatic intracerebral
metastases were excluded. Because patients did not start treatment
upon enrollment in this study, the IMDC criterion “time from
diagnosis to treatment <1 year” was adapted into “time from
primary diagnosis to first metastatic disease <1 year.” This study
was conducted at four Dutch academic medical centers and
approved by the Institutional Review Board. All patients provided
written informed consent. Studies were conducted in accordance
with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Procedures
[18F]FDG and [89Zr]Zr-DFO-girentuximab PET/CT.

At baseline, patients underwent whole-body [18F]FDG and
[89Zr]Zr-DFO-girentuximab PET/CT. The [18F]FDG PET/CTs were
performed according to European Association of Nuclear Medicine
guidelines version 1.0 (25). The [89Zr]Zr-DFO-girentuximab imaging
procedure was harmonized between participating, European Asso-
ciation Research GmbH (EARL)-accredited centers. Patients under-
went [89Zr]Zr-DFO-girentuximab PET/CT 4 days after intravenous
injection of 37MBq [89Zr]Zr-DFO-girentuximab (protein dose 5 mg).
Details on acquisition and reconstruction protocols, conjugation,
radiolabeling, and quality control of [89Zr]Zr-DFO-girentuximabwere
described previously (26).

The [18F]FDG PET/CTs were assessed by local nuclear physicians
according to standard clinical practice. The [89Zr]Zr-DFO-
girentuximab PET/CTs were assessed by three independent nuclear
physicians in a central reviewing system, to ensure reproducible lesion
detection and interobserver agreement. Themedical oncologist did not
have access to the PET/CT images as these results were saved outside of
the Electronic Patient Dossier. The nuclear medicine physicians were
allowed to communicate findings that required (local) interventions.

Volumes-of-interest were defined using CT images coregistered to
the PET/CT, drawn manually on the [18F]FDG and [89Zr]Zr-DFO-
girentuximab PET images based on tracer accumulation exceeding
mediastinal blood pool. Standardized uptake values (SUVmax) were
measured using Inveon Research Workplace software (IRW, version
4.1). The geometric mean (gm) SUVmax values per patient were
calculated for RECIST-evaluable lesions with visual tracer uptake.
The volumetric parameters metabolic tumor volume (MTV) and total
lesion glycolysis (TLG) were determined for [18F]FDG PET/CT.

Contrast-enhanced CT scan.
Patients underwent contrast-enhanced CT (ceCT) of the chest,

abdomen, and pelvis at baseline; at 2, 4, 6, 9, and 12 months; and
every 4 months thereafter. To explore clinical usefulness of WW,
progressive disease (PD) was adapted to “disease progression warrant-
ing systemic treatment.” Therefore, PD was defined according to
RECIST 1.1 (27), except for:

(i) an increase of >20% of sum of diameters of target lesions, not
exceeding an absolute increase of 10 mm;
(ii) a new lesion in lung or bones in patients with limited (<5 lesions)
baseline disease located in lung and/or bones;
(iii) progression that warrants local therapy but not systemic therapy.

Outcomes
The primary aimwas to assess the predictive value of [18F]FDG and/

or [89Zr]Zr-DFO-girentuximab PET/CT to ceCT to predict time to
disease progression warranting systemic treatment, also split into
extremes of rapid progression (<2 months) and indolent disease
(>12 months) in patients with good or intermediate prognosis
mccRCC. Time to disease progression was defined as the time from
baseline CT to disease progression warranting systemic treatment,
based on radiological and clinical disease progression. Local therapy
was permitted while on protocol.

Prespecified secondary endpoints reported in this article are pro-
gression-free survival (PFS) and overall survival (OS).Meanwhile, Rini
and colleagues predicted indolent disease in patients with RCCwith <2
IMDC risk factors and ≤2 involved organs (9). Therefore, the valida-
tion of these “W&W criteria” was added as an extra secondary aim.
Finally, we report the time on first-line treatment after WW.

Statistical analyses
On the basis of the incidence of 450 patients with mccRCC yearly in

the Netherlands, it was estimated that we could enroll 80 patients in 4
years’ time, including approximately 25 (30%) patients with rapid
disease progression and another 25 (30%) with indolent disease. On
the basis of a lower accrual than anticipated, the number of patients to
be included was changed into 40 patients. To accommodate this lower
number of patients and still providemeaningful results, we adapted the
way to evaluate the primary outcome to a continuous instead of
categorical assessment, thereby improving the statistical efficiency.
Of note, no analyses related to the primary outcome were performed
before making this decision.

Translational Relevance

This study shows that molecular imaging with [18F]FDG PET/
CT identifies patients with metastatic clear-cell renal cell carcino-
mawith expected indolent disease. It improves the prognostic value
of clinical parameters embedded in the International Metastatic
RCC Database Consortium criteria, independent of the number of
organ sites. While [18F]FDG PET/CT is currently not standard in
the work-up of newly diagnosed metastatic clear-cell renal cell
carcinoma, the IMaging PAtients for Cancer drug SelecTion-Renal
Cell Carcinoma study provides a reason to reconsider the role of
molecular imaging to select patients eligible for watchful waiting as
an alternative to an immediate start of systemic treatment.
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Standard descriptive statistics were used to describe baseline patient
characteristics, overall and according to [18F]FDG and [89Zr]Zr-DFO-
girentuximab uptake. For the latter, we grouped patients into high and
low uptake groups based on their gm SUVmax of RECIST-measurable
PET-positive lesions, binning patients into equal groups (using the
median across patients). We used gm values to account for the right-
skewed SUVmax data, and assigned patients without visual PET-
positive lesions a gm SUVmax of zero.

Standard Kaplan–Meier analyses served to describeWW time, time
to RECIST PD and OS, and univariably evaluate IMDC, “W&W
criteria,” and [18F]FDG and [89Zr]Zr-DFO-girentuximab high and/
or low uptake groups, using log-rank tests for statistical inference. We
used pointwise 95% confidence intervals (CI) for Kaplan–Meier curves
and for median survival times. Furthermore, Firth penalized Cox
regression was used to obtain small-sample bias-corrected HRs (28).
Here, PET data (SUVmax, TLG, MTV) were analyzed dichotomously
(using a median split) as well as continuously (after truncation at the
90th percentile to decrease the influence of extreme values), assuming
linearity. Nonlinear relations or optimal grouping thresholds beyond a
median split were not assessed due to the relatively small dataset and
associated risk of overfitting.

The added value of predictors inmultivariable analyses was assessed
by likelihood-ratio tests, specifically focusing on the added value of gm
SUVmax of the two PET scans beyond the (underlying variables of)
“W&W criteria” as the current clinical standard (primary analyses in
view of events-to-predictor ratio). In an exploratory analysis to
evaluate more predictors (the two PET scans, IMDC, number of organ
sites, lung-only disease, and sum of RECIST-measurable lesion dia-
meters), LASSO penalized Cox regression was used (with 5-fold cross-
validation optimizing the partial likelihood; ref. 29), combined with
2,500-fold bootstrap resampling to assess variable-selection
robustness.

The ability to discriminate between patients with limited and
prolongedWW timewas assessed usingHarrell C-index for the overall
observation period (30), and using time-dependent ROC curves (for
both measures, 0.50 denotes no discriminative value and 1.00 perfect
discrimination; ref. 31). Here 2,000-fold bootstrapping was used to
obtain confidence intervals and statistically test for differences in
discrimination between models.

Bootstrapping (2,000-fold) was also used for internal validation of
multivariable models to account for overoptimism and to yield pre-
dicted WW time probabilities that are more likely to validate when
applied to new patients.

The data were analyzed with R 3.2.1 for Mac OS, particularly using
coxphf (package coxphf 1.11), and cv.glmnet (package glmnet 2.0-3).
Estimates are reported with corresponding 95% CIs, considering a P
value <0.05 as statistically significant. All tests were two sided, except
for the relation between IMDC and “W&W criteria” with WW time.
These were evaluated one-sidedly focused on confirming the previ-
ously reported direction of these associations.

Data availability statement
The data generated in this study are available upon request from the

corresponding author.

Results
Between February 2015 and March 2018, 48 patients with good- or

intermediate-risk mccRCC eligible for WW, signed informed consent
and were screened for study enrollment (Supplementary Fig. S1). Five
patients were considered screen failures due to PD on baseline ceCT.

Because this PD required systemic treatment before the initiation of
theWWperiod, they did notmeet the inclusion criteria of eligibility for
aWWperiod of at least 2months. One other patient withdrew consent
for personal reasons before baseline imaging procedures. Two other
patients withdrew their consent at the first CT evaluation without PD.
Therefore, 40 patients were evaluable for the primary endpoint.

Baseline characteristics
In total, 14 of 40 patients (35%) had a good prognosis according to

IMDC criteria. Intermediate IMDCprognosis was primarily due to the
diagnosis of metastases <1 year after the primary diagnosis (81%).
Most patients entered the study with metastases in one or two organs
(75%, Table 1). No patient received prior adjuvant treatment.

Baseline imaging detected a variable number of lesions considered
RECIST-evaluable on ceCT and quantifiable on PET: 230 of 283
lesions on ceCT, 149 of 233 lesions on [18F]FDG PET/CT, and 163
of 272 on [89Zr]Zr-DFO-girentuximab PET/CT.

Overall, 30 patients had lesions with visual [18F]FDG and [89Zr]Zr-
DFO-girentuximab accumulation. Two patients had no visual
lesions on [18F]FDG and [89Zr]Zr-DFO-girentuximab-PET/CT. Four
patients had a visual negative 89[Zr]Zr-DFO-girentuximab-PET/CT,
and 4 other patients had a negative [18F]FDG PET/CT. Tracer
accumulation within and between patients was heterogeneous for
both [18F]FDG and [89Zr]Zr-DFO-girentuximab (Fig. 1A and B).

Additional imaging, clinicopathologic and demographic baseline
characteristics for all patients and according to high and low [18F]FDG
and [89Zr]Zr-DFO-girentuximab uptake groups are shown in Table 1,
imaging examples in Fig. 2.

Follow-up of patients during and after WW
After a median follow-up of 48.0 months (95% CI: 44.8–56.5), 36

patients (90%) required systemic treatment. As of December 2021, 4
patients are still on WW (Fig. 1C). Two patients were censored
prematurely during WW due to drop-out or surgical resection of all
lesions without disease progression.

Four other patients underwent local therapy during WW but
continued their WW period. This included 2 patients who underwent
stereotactic radiotherapy for a newly detected asymptomatic solitary
brainmetastasis at baseline. One patient underwent radiotherapy for a
growing pancreatic lesion. One other patient underwent radiotherapy
for a symptomatic bone lesion. There was no clinical indication for
systemic treatment in these patients

In total, 36 patients (90%) had RECIST PD; 3 patients had clinical
disease progression without RECIST confirmation. The median time
to RECIST PD was 7.8 months (95% CI: 6.1–12.1); the overall median
WW period was 16.1 months (95% CI: 9.0–31.7; Fig. 3A) including 4
patients with rapid progression and 10 with indolent disease. The
median OS was 54.8 months (95% CI: 34.2–NA; Fig. 3B). RECIST PD
involved growth of known metastases (89%) and/or development of
new lesions (31%), with 4 patients showing only new lesions (11%). In
11 (31%) patients, RECIST PD was the trigger to immediately start
systemic treatment, while 24 other patients continued surveillance for
an additional median time of 11.1 months (95% CI: 5.7–31.9).

Four of 36 patients who required systemic treatment, also under-
went radiotherapy or surgery of all target lesions and 7 patients
received only best supportive care. Four patients were not fit for
systemic treatment; in 3 patients clinical deterioration was due to
rapid disease progression, 1 patient because of comorbidity and age.
Three other patients did not want treatment. Of the remaining 25
patients, in first line 17 were treated with angiogenesis inhibitors (e.g.,
sunitinib, pazopanib, bevacizumab INF-alfa) and 8 patients with
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(combination) immunotherapy. The treatment-related PFS on first-
line angiogenesis inhibitors was 10.6 months (95% CI: 6.1–15.0) and
with (combination) immunotherapy 17.9months (95%CI: 14.2–21.7).
Five patients are still on active first-line treatment. An overview per
patient is provided in Supplementary Fig. S2.

In total, 17 of 36 patients (47%) died following WW after a median
time of 27.4 months from the end of WW (95% CI: 22.1–NA).

Predicting duration of WW
In univariable analyses, patients with above-median [18F]FDG gm

SUVmax showed a shorter WW period compared with patients with
below-median [18F]FDG gm SUVmax (9.0 vs. 36.2 months; HR, 5.6;
95% CI: 2.4–14.7; P < 0.001; Fig. 4A). This was also observed—to a
lesser extent—when [18F]FDG uptake was expressed as MTV or TLG
(Table 2A). The median WW period of patients with above-median
[89Zr]Zr-DFO-girentuximab gm SUVmax was 9.3 versus 21.3 months
in patients with below-median uptake (HR, 1.7; 95% CI: 0.9–3.3; P ¼
0.13; Fig. 4B). In contrast to [18F]FDG, the per-patient gm [89Zr]Zr-
DFO-girentuximab SUVmax was not significantly associated with the
time until RECIST PD (Table 2A).

Patients without IMDC risk factors had a median WW period of
21.3months, which was 16.1 and 7.5 for patients with one and two risk

factors, respectively (one-sided likelihood-ratio Ptrend ¼ 0.051).
Patients with “W&W criteria” (n¼ 21) showed a median WW period
of 21.3 months compared with 9.3 months in those without (n ¼ 19;
HR, 1.9; 95% CI: 0.9–3.9; one-sided log-rank P ¼ 0.034; Fig. 5).

In multivariable analyses, adding [18F]FDG SUVmax to the “W&W
criteria” significantly improved a Cox model for WW time. This was
observed for [18F]FDG uptake as a continuous variable or based on the
median split, and by analyzing “W&W criteria” in two groups or the
underlying IMDC and involved organ sites as continuous variables (all
P < 0.001). The addition of “W&W criteria” or its two underlying
variables did not improve aCoxmodel with [18F]FDG-PET/CT (allP>
0.32). Similarly, the addition of [89Zr]Zr-DFO-girentuximab uptake
did not improve a Coxmodel forWWbased on the “W&Wcriteria” or
its two underlying variables (all P > 0.27). In Table 2B, we report the
multivariable analyses for WW time and time until RECIST-defined
PD for a full multivariablemodel including both PET scans, number of
organ sites, and IMDC criteria with accompanying Wald P values.

Regarding discriminating patients according to WW time, a Cox
model forWWtime including the underlying “W&Wcriteria” showed
an overall C-index of 0.618 (95% CI: 0.506–0.729), which was 0.722
(95% CI: 0.610–0.834) for a model containing only [18F]FDG gm
SUVmax continuously and 0.579 (95% CI: 0.466–0.691) for only

Table 1. Baseline characteristics and demographics.

All patients
Baseline [18F]FDG uptakea

Baseline [89Zr)Zr-DFO-
girentuximab uptakea

(n ¼ 40)
Low uptake
group (n¼ 20)

High uptake
group (n ¼ 20)

Low uptake
group (n¼ 20)

High uptake
group (n¼ 20)

Age, years (mean � SD) 65.8 (� 9.1) 67.4 (� 8.5) 64.2 (� 9.7) 66.7 (� 7.9) 64.9 (� 10.4)
Male 30 (75) 16 (80) 14 (70) 17 (85) 13 (65)
Synchronous metastasesb 19 (48) 9 (45) 10 (50) 7 (35) 12 (60)
Nephrectomy 35 (88) 19 (95) 16 (80) 20 (100) 15 (75)
Hb <LLN 13 (33) 7 (35) 6 (30) 4 (20) 9 (45)
Neutrophils >ULN 2 (5) 1 (5) 1 (5) 1 (5) 1 (5)
Platelets >ULN 2 (5) 0 (0) 2 (10) 1 (5) 1 (5)
Calcium >ULN 1 (3) 0 (0) 1 (5) 1 (5) 0 (0)
Karnofsky performance score < 80 1 (3) 1 (5) 0 (0) 1 (5) 0 (0)
Interval < 1 year between primary diagnosis and first metastases 21 (53) 10 (50) 11 (55) 7 (35) 14 (70)
IMDC

0 14 (35) 8 (40) 6 (30) 11 (55) 3 (15)
1 12 (30) 5 (25) 7 (35) 3 (15) 9 (45)
2 14 (35) 7 (35) 7 (35) 6 (30) 8 (40)

Number of organ sites (on CT scan)c

1 14 (35) 12 (60) 2 (10) 11 (55) 3 (15)
2 16 (40) 5 (25) 11 (55) 8 (40) 8 (40)
3 8 (20) 2 (10) 6 (30) 1 (5) 7 (35)
4 2 (5) 1 (5) 1 (5) — 2 (10)

W&W criteria, favorable 21 (52.5) 14 (61) 7 (42) 14 (70) 7 (35)
Sum of diameter (cm) (median, range) 7.7 (1.0–66.2) 3.5 (1.0–41.9) 11.3 (3.7–66.2) 4.9 (1.0–66.2) 11.3 (2.5–41.9)
If [18F]FDG positive, geometric mean per patient, (median,
range)d

4.8 (1.9–12.2) — — 3.1 (1.9–3.7) 6.7 (3.9–12.2)

If [89Zr]Zr-DFO-girentuximab positive, geometric mean
per patient, (median, range)d

15.4 (5.0–104.8) 9.3 (5.0–12.8) 20.1 (14.1–104.8) — —

Abbreviations: LLN, lower limit of normal; ULN, upper limit of normal.
aPatientswith noPET-positive andRECIST-measurable lesionswere interpreted as havingavery lowSUVmaxvalue andgrouped accordingly. Theper-patient uptake
is expressed as the gm SUVmax of all RECIST-measurable PET-positive lesions. Patients are grouped on the basis of the median gm SUVmax of [

18F]FDG- or [89Zr]Zr-
DFO-girentuximab, respectively.
bTwo patients previously received local radiotherapy with curative intent. One patient underwent a metastasectomy of the only present metastasis with curative
intent.
cBased on only RECIST-positive lesions as visualized by CT. Lesions were detected in lung, lymph nodes, bone, adrenal gland, kidney, and soft tissue.
dData available for 34 (85%) patients, based on RECIST-positive lesions only.
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[89Zr]Zr-DFO-girentuximab gm SUVmax continuously. Adding
[18F]FDG uptake to the model with IMDC and number of organ sites
increased the overall C-index to 0.732 (95%CI: 0.619–0.844; P¼ 0.086
for improvement in C-index), which was 0.615 (95% CI: 0.503–0.728;
P ¼ 1.0 for improvement in C-index) for adding [89Zr]Zr-DFO-
girentuximab gm SUVmax. An exploratory LASSO model considering
the two PET scans, IMDC, number of organ sites, lung only disease,
and sum of RECIST-measurable lesion diameters resulted in a model
that performed less than the above best model with an overall C-index
of 0.711 (95% CI: 0.599–0.824; see Supplementary Data for more
details about the LASSO model).

We also evaluated the discriminative ability to predict prolonged
indolent disease (>12 months) using time-dependent ROC curves
(Fig. 6). In our data, a subgroup of 12 patients (30%) could be
identified on the basis of a [18F]FDG gm SUVmax <3 or a negative
[18F]FDG PET/CT, who all had a WW period of >12 months [100%
(95% CI: 76–100) positive predictive value and 64% (95% CI: 46–79)
negative predictive value; data-driven threshold maximizing sensitiv-
ity at 100% specificity]. The prediction of rapid progression
(<2 months after study enrolment) was not analyzed because of too
few events.

To allow further external validation and translation of our results
toward clinical practice, we internally validated the predictive model
with IMDC scores, the number of organ sites and the [18F]FDG gm
SUVmax. A formula based on this over-optimism-corrected model
yields predicted probabilities of remaining on WW at 12 months
between 9% and 83%, depending on a particular patient’s IMDC score,

the number of organ sites and [18F]FDG-PET/CT results. An easy-to-
use score chart showing these predicted probabilities and the under-
lying formula is provided in Supplementary Fig. S3.

Discussion
The prospective IMPACT-RCC study investigated the value of

[89Zr]Zr-DFO-girentuximab and [18F]FDG PET/CT in patients with
good- or intermediate-risk mccRCC to predict time to WW progres-
sion. We demonstrated that patients with low [18F]FDG uptake have a
longer WW period. [89Zr]Zr-DFO-girentuximab uptake did not show
prognostic value. Moreover, we confirmed that <2 IMDC risk factors
and ≤2 involved organ sites (“W&W criteria”) identified patients with
a prolonged WW period compared with other patients.

The only other prospective study onWWwas published by Rini and
colleagues. They identified a patient subgroup with a prolonged WW
period based on the number of organ sites besides IMDC criteria
(“W&Wcriteria”; ref. 9). On the basis of this study and to translate our
results into standard clinical use outside studies, we used the number of
involved organ sites rather than tumor burden as a marker for disease
extent. Our study has a similar sample size, distribution of IMDC risk
factors and disease extent, which allowed us to validate the “W&W
criteria” to select patients for aWWstrategy.Moreover, we highlighted
that [18F]FDG SUVmax alone improved the selection of patients with
indolent disease as compared with “W&W criteria.”

While CAIX in response to hypoxia has shown prognostic value
across tumor types (32), no robust prospective data associated CAIX in
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Figure 1.

Overview of the tracer uptake of [18F]FDG and [89Zr]Zr-
DFO-girentuximab in the RECIST-measurable lesion per
patient. A depicts a scatterplot of [18F]FDG-positive
lesions. For each patient on the x-axis, per tumor lesion
[18F]FDG SUVmax is shown in vertical direction. The size
of the dot reflects the size of the lesion, and the color
identifies the location of this lesion. B identical design,
here with each patient on the x-axis and the y-axis
depicts the tumor [89Zr]Zr-DFO-girentuximab SUVmax

uptake per tumor lesion. In C, the duration of WW is
depicted for each patient, highlighting the timewith and
without disease progression according to RECIST 1.1.
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ccRCCwith prognosis (16, 18, 20). In contrast to other tumor types, the
overexpression of CAIX in ccRCC is the result of a mutational loss of
the Von Hipple Lindau gene (13), as opposed to hypoxic tumor
microenvironment. Our data show no clinically meaningful prognos-
tic value of CAIX as visualized by [89Zr]Zr-DFO-girentuximab PET/
CT on a patient level in patients withmccRCC. Analyses on lesion level
could help to better understand this lack of correlation. For example,
we have previously reported that highest SUVmax values were observed
in adrenal gland and kidney lesions, compared with lower SUVmax

values in lung lesions (26).

On the basis of our data, [18F]FDG PET/CT has the potential to
change clinical practice by providing guidance for decision making on
WW as initial strategy. All patients with a gm [18F]FDG SUVmax <3 or
negative [18F]FDG PET/CT (representing 30% of all patients)
remained on WW at least 12 months. This is in agreement with a
previous reported association between high [18F]FDG uptake and
more aggressive disease (15). While our analyses should be confirmed
in a larger prospective cohort and the optimal way to take [18F]FDG
SUVmax into account is yet to be established, our results support the
potential clinical relevance of baseline [18F]FDG PET/CT in patients

CBA D

Figure 2.

Heterogeneity of tracer uptake. Representative images of [18F]FDGPET/CT (left) and [89Zr]Zr-DFO-girentuximabPET/CT (right) are shownof 2 patients. In patient 1,
lymph nodemetastases as visualized on axial sections of [18F]FDG PET/CT (A) and [89Zr]Zr-DFO-girentuximab PET/CT (B). In patient 2, lung lesions as visualized on
transverse sections of [18F]FDG PET/CT (C) and [89Zr]Zr-DFO-girentuximab PET/CT (D).
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Figure 3.

Kaplan–Meier curve forWWandOS.A shows the Kaplan–Meier curves for time underWW;medianWWperiod is 16.1 months (95%CI: 9.0–31.7).B shows the Kaplan–
Meier curves for the OS; median OS: 54.8 months (95% CI: 34.2–NA).
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with mccRCC considered for observation. To help validate our find-
ings, we have included a formula and score chart to predict the 12-
month WW duration based on our internally validated model with
[18F]FDGPET/CT, IMDCcriteria, and the number of organ sites. Such
external validation is important as our results were derived from a

small cohort of patients which may not only lead to overoptimistic
results even after internal validation, but a small cohort also increases
the chance of a nonrepresentative patient mix, which can affect the
generalizability of the sensitivity, specificity, and the negative and
positive predictive values we observed.
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Figure 4.

Kaplan–Meier curve. A shows the Kaplan–Meier curves for time onWW according to above or belowmedian [18F]FDG uptake at baseline, with a median time under
WW of 36.2 versus 9.0 months. B shows the Kaplan–Meier curves for time on WW according to above or below median [89Zr]Zr-DFO-girentuximab uptake at
baseline, with a median time under WW of 21.3 versus 9.3 months. In both figures, the per-patient uptake is expressed as the gm SUVmax of all RECIST-measurable
PET-positive lesions. The yellow graph depicts patients with below-median tracer uptake; the blue graph depicts patients with above-median tracer uptake.
�One patient was censored because of surgical excision of all tumor lesions.

Table 2. Univariable (A) and multivariable (B) Cox regression analysis of all patients.

Table 2A
Univariable analysis

Univariable analysis

Watchful waiting time
Time until RECIST-

defined PD
HR (95% CI) P HR (95% CI) P

“W&W criteria”, < 2 IMDC and ≤ 2 organ sites vs. ≥ 2 IMDC and/or ≥ 2 organ sites 1.9 (1.0–3.9) 0.07a 1.3 (0.7–2.5) 0.48
IMDC criteria, per unit increase in score 1.4 (0.9–2.2) 0.1a 1.3 (0.9–2.0) 0.21
Number of organ sites, per involved site increase 1.4 (1.0–1.9) 0.087 1.0 (0.7–1.5) 0.86
[89Zr]Zr-DFO-girentuximab above-median split 1.7 (0.9–3.3) 0.14 1.3 (0.7–2.6) 0.43
[89Zr]Zr-DFO-girentuximab SUVmax, per 10 units increase in geometric mean 1.3 (1.0–1.7) 0.085 1.2 (0.9–1.5) 0.3
[18F]FDG above-median split 5.6 (2.4–14.7) <0.001 2.1 (1.0–4.4) 0.046
[18F]FDG SUVmax, per 3 units increase in geometric mean 1.9 (1.4–2.6) <0.001 1.4 (1.0–1.8) 0.026
[18F]FDG MTV above median split 2.2 (1.1–4.5) 0.03 2.5 (1.2–5.2) 0.013
[18F]FDG MTV, per 50 units increase 1.3 (1.0–1.6) 0.007 1.2 (0.9–1.5) 0.17
[18F]FDG TLG above median split 2.5 (1.2–5.2) 0.011 1.52 (0.8–3.1) 0.23
[18F]FDG TLG, per 200 units increase 1.5 (1.1–2.0) 0.006 1.3 (1.0–1.7) 0.077

Table 2B
Multivariable analysis

Multivariable analysis

Watchful waiting time
Time until RECIST-

defined PD
HR (95% CI) P HR (95% CI) P

IMDC criteria, per unit increase in score 1.3 (0.81–2.00) 0.29 1.3 (0.85–2.01) 0.22
Number of organ sites, per involved site increase 0.9 (0.49–1.46) 0.55 0.7 (0.40–1.23) 0.22
[89Zr]Zr-DFO-girentuximab SUVmax, per 10 units increase in geometric mean 1.2 (0.84–1.78) 0.28 1.3 (0.87–1.82) 0.21
[18F]FDG SUVmax, per 3 units increase in geometric mean 1.9 (1.34–2.58) <0.001 1.4 (1.04–1.80) 0.025

Note: Continuous PET variableswere truncated at the top90% to reduce the influenceof outliers, andwere represented in the analyses in such away that the resulting
HRs correspond to an amount of increase in the respective variable correspondingwith approximately one-fourth of its entire distribution. Thiswas done tomake the
resulting HRs for the continuous PET variables comparable with each other. All HRs are based on Firth penalized regression.
aThe reported P value is two sided, according to Wald.
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Recently, we reported a higher number of metastatic lesions
detected by [18F]FDG PET/CT and [89Zr]Zr-DFO-girentuximab
PET/CT plus CT compared with only CT in these patients (26).
Although the clinical implications of those lesions are to be inves-
tigated, the analyses of lesional tracer uptake were limited to
RECIST-measurable lesions thereby excluding potentially clinically
relevant lesions (e.g., bone lesions). In addition, only 60% of all
RECIST-measurable lesions were PET positive. As reported previ-
ously, tracer uptake was influenced by lesion size and to a lesser-
extent lesion location (26). Lesion size introduces partial volume
effects and so tracer uptake may not be observed as higher than the

background. While tracer uptake on a patient level might be
underestimated, including all lesions would not be feasible in daily
practice upon clinical implementation. The definition of “disease
progression warranting systemic treatment” is subject to interpre-
tation of medical physician and patient which introduces subjec-
tivity. However, it does best illustrate daily practice. Furthermore,
due to the limited number of eligible patients and clinical trials
offering first-line immunotherapy, the current article is published in
an era where first-line (combination) immunotherapy is available
for all patients with mccRCC which has changed the view on a WW
strategy. The 4 patients in our study not eligible for systemic
treatment upon disease progression also stress the relevance of
optimal patient selection for the WW strategy.

With a median OS of 54.8 months in patients with mccRCC
with WW as initial strategy in our study, WW should still be seen
as a valid option, also in the current treatment landscape of
mRCC (33, 34). So far, variable responses have been reported to
new first-line treatment strategies (35). As illustrated by variable
[18F]FDG and [89Zr]Zr-DFO-girentuximab uptake in our imaging
results, the diverse tumor phenotypes might explain the heterog-
enous responses to first-line (combination) immunotherapy. Par-
ticularly in patients with a good-risk mccRCC with less efficacy of
(combination) immunotherapy than intermediate- or poor-risk
patients with mccRCC, WW could be an interesting treatment
strategy. In our patient selection, the response to angiogenesis
inhibitor monotherapy or (combination) immunotherapy after a
WW period was comparable to what was reported in registration
studies (36–38).

WWcan be considered as initial treatment strategy in a subgroup of
patients with mccRCC expected to have indolent disease. We con-
firmed the predictive value of <2 IMDC risk factors and ≤2 involved
organ sites (or “W&W criteria”). Moreover, the current study estab-
lishes the potential of baseline [18F]FDG uptake for predicting WW
time beyond these criteria, although this should be confirmed in an
independent study.
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Figure 5.

Validation extended IMDC criteria. The WW period for the unfavorable (blue)
versus favorable (red) WW group. The pink and light blue line correspond to
the previously published observations by Rini and colleagues of unfavorable
and favorable group, respectively (median time on WW of 8.4 vs. 22.2 months,
P ¼ 0.006). Patients that meet the “W&W criteria” (<2 IMDC criteria and ≤2
organ sites; red) have a longer WW period of 21.3 months compared with
9.3 months in patients with an unfavorable prognosis.

Figure 6.

Time-dependent ROCcurves at 12monthsWWtime. Thesefigures show thediscriminating value of the IMDCcriteria togetherwith the number of organ sites (the two
variables underlying the “W&W criteria”) and gm [18F]FDG SUVmax (A) and [89Zr]Zr-DFO-girentuximab (B), respectively, individually and when combined. All
variableswere evaluated continuously, and for the curves that show the combined discriminating value of variables, we used Firth penalized Cox regression to obtain
a combined prognostic score.
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