EXPERT

REVIEW

IF PRECISION MEDICINE AND DRUG DEVELDPMENT

Expert Review of Precision Medicine and Drug
Development

Personalized medicine in drug development and clinical practice

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/tepm20

©

Taylor & Francis

Taylor & Francis Group

Tumor growth rate to assess therapy response to
immune-based combinations for metastatic renal
cell carcinoma

Veronica Mollica, Matteo Rosellini, Stefano Brocchi, Francesco Galuppi,
Alexandro Paccapelo, Valentina Tateo, Andrea Marchetti, Elisa Tassinari,
Francesco Mantuano, Matteo Santoni & Francesco Massari

To cite this article: Veronica Mollica, Matteo Rosellini, Stefano Brocchi, Francesco Galuppi,
Alexandro Paccapelo, Valentina Tateo, Andrea Marchetti, Elisa Tassinari, Francesco Mantuano,
Matteo Santoni & Francesco Massari (2024) Tumor growth rate to assess therapy response to
immune-based combinations for metastatic renal cell carcinoma, Expert Review of Precision
Medicine and Drug Development, 9:1, 17-24, DOI: 10.1080/23808993.2024.2330422

To link to this article: https://doi.org/10.1080/23808993.2024.2330422

8 © 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group.

ﬁ Published online: 18 Mar 2024.

\g
CJ/ Submit your article to this journal &

A
& View related articles &'

@ View Crossmark data &'

o
=2
5

3

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallinformation?journalCode=tepm20


https://www.tandfonline.com/action/journalInformation?journalCode=tepm20
https://www.tandfonline.com/journals/tepm20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/23808993.2024.2330422
https://doi.org/10.1080/23808993.2024.2330422
https://www.tandfonline.com/action/authorSubmission?journalCode=tepm20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=tepm20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/23808993.2024.2330422?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/23808993.2024.2330422?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/23808993.2024.2330422&domain=pdf&date_stamp=18 Mar 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/23808993.2024.2330422&domain=pdf&date_stamp=18 Mar 2024

EXPERT REVIEW OF PRECISION MEDICINE AND DRUG DEVELOPMENT
2024, VOL. 9, NO. 1, 17-24
https://doi.org/10.1080/23808993.2024.2330422

e Taylor & Francis
Taylor &Francis Group
a OPEN ACCESS | ™ Check for updates

Tumor growth rate to assess therapy response to immune-based combinations for
metastatic renal cell carcinoma

ORIGINAL RESEARCH

Veronica Mollica*®", Matteo Rosellini#®", Stefano Brocchi<, Francesco Galuppi<, Alexandro Paccapelo,
Valentina Tateo®, Andrea Marchetti®®, Elisa Tassinari*°, Francesco Mantuano®®, Matteo Santoni®
and Francesco Massari®®

aMedical Oncology, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy; PDepartment of Medical and Surgical Sciences (DIMEC),
University of Bologna, Bologna, Italy; “Department of Radiology, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy; YDepartment
of Medical Oncology, IRCCS Ospedale San Raffaele, Milan, Italy; *Oncology Unit, Macerata Hospital, Macerata, Italy

ABSTRACT

Background: Radiological response assessment is becoming challenging with novel immune-based
combinations for metastatic renal cell carcinoma (mRCC). RECIST criteria appear not exhaustively
adequate to capture the kinetics of treatment response, which is better reflected by tumor growth
rate (TGR). We explored TGR changes during first-line treatments and its association with clinical
outcomes in mRCC.

Research design and methods: We retrospectively evaluated TGR in untreated patients undergoing
pembrolizumab/axitinib (P/A) or tyrosine-kinase inhibitors (TKI). TGR was calculated at the first (TGR1, after
3 months) and the second (TGR2, after 6 months) evaluation, thus assessing the TGR2-TGR1 difference.
Results: Thirty-three patients were included (P/A n=15, TKls n=18). Volumes firstly decreased more
rapidly with TKIls, and then more slowly. Volumes initially remained stable with P/A, quickly decreasing
until the second evaluation. TGR1 was related to progression-free survival (PFS; p=0.023) and overall
survival (p=0.046) with P/A. TGR2 was correlated with PFS in all patients (p=0.025). Patients with
higher velocity volume reduction appeared to have improved survival benefits than patients with lower
velocity considering both treatments, but especially with P/A.

Conclusion: Combining immunotherapy with TKIs has an important role in enhancing the rapidity of
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tumor shrinkage. A rapid disease volume reduction correlates with better OS and PFS.

1. Introduction

At the current day, renal cell carcinoma (RCC) represents the
14th most common cause of cancer in the general population,
with an estimated worldwide incidence of 15 cases per
100.000 population [1]. Even though most RCCs are localized
at the time of diagnosis, about 30% of patients are diagnosed
at an advanced stage of disease. The 5-year survival rates of
patients with metastatic or not metastatic kidney cancer are
10% and 85%, respectively [2].

In the last few years, the therapeutic landscape of meta-
static RCC (mRCC) has been revolutionized by the advent of
first-line immune-based combinations, using an immune
checkpoint inhibitor (ICl) coadministered with another ICl
(such as nivolumab plus ipilimumab) or a vascular endothelial
growth factor (VEGF) receptor inhibitor (TKI) (including pem-
brolizumab plus axitinib or lenvatinib, nivolumab plus cabo-
zantinib, avelumab plus axitinib) [3]. On the other hand, TKI
monotherapy still represents a valuable first-line therapy for
those mRCC patients in whom ICl-based combinations could
be not indicated (i.e. patients with a medical history of auto-
immune disease) or also patients categorized as ‘favorable-

risk’ (according to the International Metastatic RCC Database
Consortium - IMDC - criteria) [4-6]. However, all the immune-
based combinations led to significant survival benefits when
compared to sunitinib, becoming the novel standards of care
in mRCC. Nonetheless, a head-to-head comparison between
these first line strategies is missing, and validated biomarkers,
which may help physicians in selecting those patients who
might benefit the most from one combination rather than
others, are lacking and urgently needed in this setting [7].
Growing evidence is progressively suggesting a potential
role of several markers as predictors of response to available
ICl-based treatments or TKIs in RCC (including genomic, epi-
genetic, radiomic features, and so on) [7-10], but their routin-
ary use in the clinical practice is still so far to be carried out.

Although the IMDC risk criteria still play a decisive role, the
therapeutic decision-making process could also rely on
themes that emerged across various studies. For example,
a rapid and meaningful disease control obtained with an ICI/
TKI combination is required in patients with a high-burden
disease. Pembrolizumab plus axitinib or lenvatinib and nivo-
lumab plus cabozantinib showed higher objective response
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(ORR) and disease control rates (DCR) than the nivolumab/
ipilimumab combination, with the highest complete response
rates ever seen so far in mRCC first line trials [3,4]. Otherwise,
for asymptomatic patients in which a fast tumor shrinkage is
not needed, the ICI/ICl combination may be favored, due to its
higher durability of response as well as the longer treatment-
free interval [3,4]. In 2022, Navani et al. unveiled that ICI/TKI
regimens appeared to be independently associated with an
increased likelihood of obtaining response when compared
with ICI-doublet therapy [11]. Of note, VEGF inhibitors seemed
to stabilize disease in a clinically relevant manner, producing
benefit even without a documented imaging response [11].
Further efforts are necessary to better clarify how to translate
the different types of response with available first line thera-
pies for mRCC to improve and personalize treatment-selection.

Another meaningful challenge is to define the most ade-
quate way to assess and define response to ICls. Currently, the
updated version of Response Evaluation Criteria in Solid
Tumors (RECIST) represents the standardized method to define
objective response to classical antitumoral agents, in clinical
trials [12]. The aim of RECIST criteria is to evaluate the change
in tumor burden during an oncological treatment in terms of
objective response for specific target malignant lesions, con-
sidering the minimum size of measurable lesions, sums of
target lesions’ diameters, number of lesions (up to 10, with
a maximum of five lesions per organ site), along with the
appearance of new disease localizations [12]. Although
a significant association between the achievements of objec-
tive imaging response (i.e. complete or partial response) and
long-term survival has been reported among mRCC patients
receiving an immunotherapeutic agent [13], ICls were shown
to lead to unconventional radiological patterns of response
compared to chemotherapies or other anticancer treatments,
due to their specific mechanism of action. Among these unu-
sual patterns, durable or dissociated responses, along with the
so-called pseudoprogression (PSPD) and hyperprogression
(HPD), have been described so far [14]. The PSPD is reported
in about 7-8% of mMRCC patients treated with ICl-based thera-
pies, reflecting an increase in the size of lesions, or the occur-
rence of new lesions, followed by a radiological response. This
pattern is typically shown within the first two cycles of immu-
notherapy [15]. On the other hand, the less common HPD
represents the unexpected acceleration of tumor growth
after ICIs’ initiation [16]. Furthermore, stable disease (SD)
according to RECIST criteria was described as the best
response in about 30% of oncological patients treated with
ICls, but this definition was shown to be quite uninformative,
involving a wide range of outcomes from no benefit to long-
term benefit across and within tumor types [17].

RECIST criteria may therefore not be appropriately ade-
quate to assess the response to immunotherapy in cancer
patients, thus promoting the development of novel radiologi-
cal criteria of response (including immune-RECIST (iRECIST)
and immune-related response criteria (irRC)) [18,19]. In this
regard, the so-called tumor growth rate (TGR) represents
a useful tool which could help physicians in better defining
responses to immune-based combinations. TGR is described as
the ratio between the slope of tumor growth before the

treatment start and the slope of tumor growth during treat-
ments, and the ratio between the nadir and disease progres-
sion [20]. Consequently, TGR provides a dynamic and
quantitative evaluation of tumor kinetics, measuring tumor
volume changes between imaging assessments, per unit
time [21].

So far, several studies have suggested that TGR was related
to tumor response or survival outcomes for many malignan-
cies treated with different agents [22-25]. Focusing on RCC,
TGR was already shown to have a prognostic value in patients
treated with first line TKls (sunitinib or sorafenib), allowing an
early and specific identification of signs of the antitumor
activity of these drugs [26-28]. More recently, a retrospective
study showed that TGR-derived parameters could promote
a better evaluation of mRCC response to immunotherapy in
addition to RECIST criteria, also pointing out a potential asso-
ciation of these parameters with clinical outcomes. As a matter
of fact, the deceleration in TGR, which was shown in mRCC
patients with progressive disease during second- or later-line
nivolumab, led to improved survival outcomes similar to that
highlighted in those patients experiencing a tumor regression
[29]. Notably, carrying the treatment beyond progression may
be an option in these selected patients, especially in those
who witnessed a clinical benefit [29].

In this study, we evaluate TGR in mRCC patients treated
with immune-based combinations (in particular pembrolizu-
mab plus axitinib) and in mRCC patients treated with TKis,
focusing on how TGR could change during these different
therapeutic strategies. Furthermore, we assess the potential
association of different TGR patterns with survival outcomes,
thus clarifying their potential prognostic and predictive role in
the first line treatment selection.

2. Patients and methods
2.1. Study population

Data were retrospectively collected from all the consecutive
eligible patients with mRCC which have been treated with an
ICI/TKI combination or a single-agent TKI as a first line therapy
at Sant'Orsola-Malpighi Hospital from 1 January 2015 to
31 December 2022. To be eligible, patients had to be char-
acterized by the following criteria of inclusion:

e Confirmed histological diagnosis of RCC (both clear cell
and non-clear cell histologies).

e Stage IV disease.

e FEighteen years or older.

e Available computed tomography (CT) scans for radiolo-
gical evaluation (within 30days from treatment start,
after 3 months and after 6 months).

e Treatment-naive patients, who could not have received
a previous line of systemic therapy.

Other meaningful data were histological subtype, gender, pre-
sence of liver metastases, presence of bone metastases, presence
of central nervous system (CNS) metastases, presence of pan-
creatic metastases, IMDC risk group at the diagnosis.



Patients without available CT scans at each time point were
excluded from the study. The end of the follow-up period was
15 March 2023.

This study was approved by local IRB (Comitato Etico
Indipendente, IRCCS Azienda Ospedaliero-Universitaria di
Bologna, protocol code: PRIORI, 321/2019/Sper/AOUBo) and
was conducted in accordance with the principles of the
Declaration of Helsinki (6th revision, 2008). Informed consent
was obtained from all individual participants included in the
study.

2.2. Tumor volume and tumor growth rate (TGR)
calculation

Target lesions were identified on CT scans using RECIST 1.1
criteria. Consequently, tumor volumes were calculated by
using the Philips IntelliSpace Portal v. 8.0 software (Philips
Medical System, Eindhoven, The Netherlands). For each
patient, CT assessment was performed at the baseline, 3
months after first line treatment started and then 6 months
after treatment started, respectively. On the basis of the malig-
nant cells’ tumor growth pattern, the disease volume after the
start of first line therapy at time t (expressed in days at cancer
assessment) has been defined using the formula V(t) =Vye-
(T&1 in which V, represents the volume at the baseline, V(t)
is the volume at time t, and TGT is the tumor growth after the
start of immune-based combination or TKI. An exponential
approximation of the tumor growth at the ICI/TKI or TKI
therapy start (Vi) has been calculated. Consequently, we cal-
culated the increase of tumor volume per day at the first
(TGR1) and at the second (TGR2) CT evaluation with the fol-
lowing formulas: TGR1 = 100(e"®'-1), TGR2 = 100(e"®>-1). The
difference in TGR between the two CT assessments from
treatment’s start was also determined (TGR2-TGR1).
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2.3. Statistical analysis

Data were presented as means, standard deviations, and fre-
quencies. Volume data were log-normalized with the natural
logarithmic function. Survival data were computed with the
Kaplan—-Meier estimator and presented as medians and stan-
dard errors. The Fisher's exact test, the Pearson’s chi-squared
test, the Mann-Whitney U test, the Log-rank test were used.
The median follow-up was obtained by the reverse Kaplan-
Meier method. The association between TGR and survival data
was evaluated with univariate Cox proportional hazards
regression model. All the tests were 2-tailed and a p-value
of <0.05 was considered statistically significant. The statistical
analysis was performed using the Statistical Package for the
Social Sciences (SPSS) program version 28.0 (IBM, Armonk, NY,
US.A).

3. Results

Thirty-three consecutive patients were included in our study
(Figure 1). Of these, 15 patients were treated with first line
pembrolizumab plus axitinib (P/A) combination, while 18,
representing the control group, were treated with a single-
agent TKI (2 patients with cabozantinib and 16 with sunitinib).
We found no differences in baseline characteristics among the
two groups (Table 1). Tumor histology was predominantly
clear cell (ccRCC; 90.9%) vs non-clear cell (nccRCC; 9.1%).
Sarcomatoid or rhabdoid dedifferentiated areas were discov-
ered in 30.3% of patients in the overall population (26.7% of
patients treated with immune-based combination, 33.3% of
patients treated with TKis).

As for IMDC risk classes, 54.5% of patients were intermedi-
ate-risk at the diagnosis, while 39.4% of patients were favor-
able-risk and 6.1% poor-risk. Furthermore, elected patients
were mostly male (69.7%) vs female (32.3%). Lung was the

60 treatment-naive mRCC patients selected for our study
from 2015 to 2022

l

25 mRCC patients
treated
with first line P/A

10 patients did not meet
the inclusion criteria of
the study because CT | _
scans were not available |~
for radiological
evaluation

Y

15 mRCC patients
treated with P/A
included in our study

|

35 mRCC patients
treated
with first line TKI

17 patients did not meet
the inclusion criteria of
the study because CT
scans were not available
for radiological
evaluation

\ 4

18 mRCC patients
treated with TKI
included in our study

Figure 1. Patients included in our study. Abbreviations: mRCC, metastatic renal cell carcinoma; P/A, pembrolizumab/axitinib; TKI, tyrosine kinase inhibitor; CT,

computed tomography.
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Table 1. Baseline patients’ features in both experimental (immune-based combination) and control (TKI) groups as well as in overall population,
along with p-value for association between categorical or continuous variables and the two groups.

TKI group ICI/TKI group All the patients

Characteristics (n=18) (n=15) (n=33) p-value
Sex

Male 13 (72.2%) 10 (66.7%) 23 (69.7%) 1.000

Female 5 (27.8%) 5 (33.3%) 10 (30.3%)
Age

<60 years old 9 (50.0%) 3 (20.0%) 12 (36.4%) 0.145

>60 years old 9 (50.0%) 12 (80.0%) 21 (63.6%)
Smoker 4 (22.2%) 5 (33.3%) 9 (27.3%) 0.697
Histology

ccRCC 16 (88.9%) 14 (93.3%) 30 (90.9%) 1.000

nccRCC 2 (11.1%) 1 (6.7%) 3 (9.1%)
Necrosis 8 (44.4%) 2 (13.3%) 10 (30.3%) 0.054
Sarcomatoid/Rhabdoid areas 6 (33.3%) 4 (26.7%) 10 (30.3%) 0.211
Surgery 17 (94.4%) 10 (66.7%) 27 (81.8%) 0.070
Lung metastases 10 (55.6%) 8 (53.3%) 18 (54.5%) 1.000
Bone metastases 3 (16.7%) 6 (40.0%) 9 (27.3%) 0.239
CNS metastases 0 (0.0%) 2 (13.3%) 2 (6.1%) 0.199
Liver metastases 3 (16.7%) 3 (20.0%) 6 (18.2%) 1.000
Pancreas metastases 2 (11.1%) 2 (13.3%) 4 (12.1%) 1.000
Lymph nodes 8 (44.4%) 9 (60.0%) 17 (52.5%) 0.491
Steroids 3 (16.7%) 4 (26.7%) 7 (21.2%) 0.674
IMDC risk groups

Favorable-risk 8 (44.4%) 5 (33.3%) 13 (39.4%)

Intermediate-risk 10 (55.6%) 8 (53.3%) 18 (54.5%) 0.264

Poor-risk 0 (0.0%) 2 (13.3%) 2 (6.1%)
Volume measurement

LN Baseline total volume (std.Dev) 3.0 (1.7) 39(1.4) 3.4 (1.6) 0.138

LN Post-baseline total volume (std.Dev) 2.0 (2.9) 39(2.2) 2.9 (2.7) 0.047

LN 2™ Post-baseline total volume (std.Dev) 1.5 (3.0) 2.9 (3.5) 2.0 (3.2) 0.046
TGR1 (std.Dev) —0.010 (0.026) —0.001 (0.011) —0.006 (0.021) 0.112
TGR2 (std.Dev) —0.001 (0.005) —0.008 (0.020) —0.004 (0.014) 0.521
TGR2-TGR1 (std.Dev) 0.012 (0.027) —0.005 (0.013) 0.005 (0.024) 0.026
TGR categories

PD 2 (11.1%) 2 (13.3%) 4 (12.1%)

Lower growth 2 (11.1%) 2 (13.3%) 4 (12.1%) 0.817

Response 12 (66.7%) 7 (46.7%) 19 (57.6%)

NC 2 (11.1%) 4 (26.7%) 6 (18.2%)
Outcomes
Best response

PR 10 (55.6%) 8 (53.3%) 18 (54.5%)

SD 6 (33.3%) 4 (26.7%) 10 (30.3%) 0.758

PD 2 (11.1%) 3 (20.0%) 5 (15.2%)
mPFS (std. Error) 26.3 (10.0) NR (NC) 32.9 (6.4) 0.850
mOS (std. Error) 474 (5.9) NR (NC) 47.4 (2.4) 0.137

Abbreviations: TKI, tyrosine-kinase inhibitor; ICl, immune checkpoint inhibitor; ccRCC, clear cell renal cell carcinoma; nccRCC, non-clear cell renal
cell carcinoma; CNS, central nervous system; IMDC, International Metastatic RCC Database Consortium; std.Dev, standard deviation; TGR, tumor
growth rate; PD, progressive disease; PR, partial response; SD, stable disease; mPFS, median progression-free survival; mOS, median overall
survival, std.Error, standard error; LN=natural-logarithmized; NR=not reached; NC=not calculable.

most common site of metastases in mRCC patients included in
both groups (53.3% of patients treated with P/A, 55.6% of
patients treated with TKiIs).

As for objective responses, a partial response (PR) was
described as the best response in 55.6% of patients treated
with TKIs, whereas stable disease (SD) and progressive disease
(PD) were reported in 33.3% and 11.1%, respectively. Regarding
the P/A group, 53.3% of patients witnessed PR as the best
response, 26.7% of patients achieved a SD and 20% a PD.

At baseline, no difference in terms of total tumor volume
was reported between patients in both P/A and TKI groups
(Table 1). Post-baseline tumor volumes in patients treated with
the ICI/TKI combination were significantly higher than post-
baseline volumes detected in patients from the TKI group, at
the first (p=0.047) as well as at the second (p =0.046) radi-
ological evaluation (Table 1).

Consequently, TGR was calculated for each post-baseline
CT assessment (TGR1 and TGR2 respectively). On the basis of

TGR changes during first line therapies, three different pat-
terns of TGR were identified:

e patients presenting a disease progression with no decel-
eration of cancer growth (13.3% of patients in P/A group;
11.1% of patients in TKI group).

patients with progressive disease but characterized by
a deceleration of TGR (13.3% for P/A group; 11.1% for TKI
group).

patients responding or witnessing a SD to P/A (46.7%) or
single-agent TKI (66.7%).

A meaningful difference between patients treated with
immune-based combination and patients treated with TKI
was shown calculating TGR2-TGR1 (Table 1). As a matter of
fact, TGR increased by 0.012 in the TKI group, while
decreased by 0.005 in the P/A group (p=0.026). In more
detail, tumor volumes decreased faster at the first CT



evaluation (TGR1-0.010), and then more slowly at the second
evaluation (TGR2-0.001) in the control group. Conversely, in
patients treated with P/A combination, tumor volumes
remained almost stable at the first CT evaluation (TGR1-
0.001), then decreased quickly at the second assessment
(TGR2-0.008).

We also evaluated the association between survival out-
comes and TGR (Figures 2-5) and we found a significant
correlation between TGR1 and PFS (p=0.012), between TGR2
and PFS (p =0.025) and between TGR1 and OS (p =0.002). The
association between TGR1 and both PFS and OS was also
confirmed in the ICI/TKI group (p=0.023 and p=0.046,
respectively; Table 2). The median follow-up was 35.4 months.
In order to graphically represent the results of the univariate
survival analysis of Cox, both patients treated with P/A com-
bination or TKI were further divided in two groups according
to the median cutoff of TGR=-0.0038, showing a different
trend of tumor volume changing:

e Group 1 characterized by a TGR <median (patients who
witnessed a faster decrease in tumor volume), called
‘high velocity volume reduction” (HvVR);
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® group 2 characterized by a TGR > median (patients who
observed a slower volume decrease or a slower volume
increase), called ‘lower velocity volume reduction’ (LvVR).

Focusing on patients treated with ICI/TKI combination,
Kaplan—-Meier curves showed that HVVR patients were signifi-
cantly characterized by better PFS (Figure 3) and OS (Figure 5)
than LvVR patients. A benefit in terms of PFS (Figure 2) and OS
(Figure 4) was reported also in HVVR patients treated with
a single-agent TKI, although less evident than in patients
treated with P/A.

4. Discussion

We examined the role of TGR in the context of the first line of
treatment for mRCC to investigate the correlation with clinical
outcomes. The results of our study revealed that immune-
based combinations lead to a decreased TGR compared to
TKI monotherapy. Immunotherapy is considered to help to
gain disease control long term, acting especially in terms of
overall survival and maintenance of a prolonged response,

-~ TGR1 < median value
- TGR1 > median value

Figure 2. PFS in patients in the control group, treated with a single-agent TKI. Patients were further divided in two groups: group 1 with high velocity volume
reduction (HvVR) and group 2 with lower velocity volume reduction or increase (LvVR).

Table 2. Association between survival outcomes and TGR at each CT assessment from first-line therapy’s start in patients treated with immune-based combination,

single-agent TKI and in the overall population.

TKI group ICI/TKI group All patients
(n=18) (n=15) (n=33)
Outcome Factor B SE p-value B SE p-value B SE p-value
PFS TGR1 64.4 50.7 0.205 135.1 59.5 0.023 97.4 38.8 0.012
PFS TGR2 179.7 95.5 0.060 296.3 257.2 0.249 154.5 69.2 0.025
PFS TGR2-TGR1 -13.2 18.5 0.476 9.5 67.5 0.888 -10.7 16.2 0.509
oS TGR1 124.8 64.0 0.051 158.4 79.6 0.046 156.4 51.7 0.002
oS TGR2 106.5 74.5 0.153 139.6 258.2 0.589 102.1 69.4 0.141
oS TGR2-TGR1 =273 356 0.444 15.6 123.0 0.899 -29.0 353 0.412

Abbreviations: TKI, tyrosine-kinase inhibitor; ICl, immune checkpoint inhibitor; TGR, tumor growth rate; PFS, progression-free survival; OS, overall survival; B, beta

coefficient from the univariate Cox model; SE, standard error.
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Figure 3. PFS in patients in the immunotherapy group, treated with pembrolizumab plus axitinib. Patients were further divided in two groups: group 1 with high
velocity volume reduction (HvVR) and group 2 with lower velocity volume reduction or increase (LvVR).
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Figure 4. OS in patients in the control group, treated with a single-agent TKI. Patients were further divided in two groups: group 1 with high velocity volume
reduction (HvVVR) and group 2 with lower velocity volume reduction or increase (LvVR).

even though it seems to be less beneficial in terms of PFS.
Nonetheless, our study showed that the activity of TKI in terms
of decreasing the rate of tumor growth is enhanced by the
combination with ICls. Considering the plethora of available
first line treatments for mRCC and given the absence of pre-
dictive factors of response to guide the therapeutic decision
[7], one of the main factors to consider in the clinical scenario
is the burden of disease [3,4]. TKls are a treatment cornerstone
in patients in need for a shrinkage of disease with a high
burden of metastatic lesions considering the elevated ORRs
observed with these therapies. In contrast, ICls are associated
with lower rate of response and ability to contain a high
burden of disease. Nonetheless, our study showed that ICls
seem to have a relevant role also in decreasing the growth

rate of the tumor lesions. Another meaningful aspect to take
into account is also represented by the different safety profiles
of these drugs, which are tightly related to their specific
mechanism of action, and which may help physicians in the
treatment decision-making process [30-32].

Our study presents several limitations, including its retro-
spective design as well as the small sample size. Moreover,
patients’ baseline characteristics (as outlined above in Table 1)
should be considered in interpreting the results of our analysis.
As a consequence, more robust data obtained with prospective
designed studies are surely necessary to confirm our analysis.
Lastly, we did not perform a centralized review of radiological
imaging, but the use of the exponential approximation of the
tumor growth (Vi) is one strength of our work because it allows
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Figure 5. OS in patients in the immunotherapy group, treated with pembrolizumab plus axitinib. Patients were further divided in two groups: group 1 with high
velocity volume reduction (HvVR) and group 2 with lower velocity volume reduction or increase (LvVR).

to calculate the increase of tumor lesions between radiological
assessment and the ICI/TKI or TKI therapy start.

The role of TGR has been investigated in different types
of cancers, including RCC in different settings and lung
cancer [23,25-29]. TGR may have an additional role to
RECIST criteria, commonly used to assess treatment
response [29-32]. Nonetheless, RECIST criteria present sev-
eral limitations, considering that they use a unidimensional
method of assessing lesions’ changes, not taking into con-
sideration the kinetics of tumor response to treatments. In
terms of response to ICls, several new patterns of response
have been recognized, including hyperprogression and
pseudoprogression, that are a result of the mechanism of
action of immunotherapy that interacts with tumor lesions
through the enhanced response of the immune system [14].
These types of responses may be not captured by the
assessment through RECIST criteria, while they may be inte-
grated when TGR is evaluated, thus reflecting the real
response to an ICl-based treatment.

5. Conclusions

The velocity of tumor volume reduction, regardless of RECIST
criteria assessment, results to be correlated with survival out-
comes of patients treated with pembrolizumab plus axitinib.
The use of immunotherapy as a first line strategy in combina-
tion with a TKI appears to have an important role also in
enhancing the rapidity of tumor shrinkage. Moreover, a rapid
tumor volume reduction correlates with better OS and PFS.
Further and larger prospective studies are warranted to vali-
date these retrospective findings.
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