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Metastatic renal cell carcinoma regains sensitivity to tyrosine
kinase inhibitor after nivolumab treatment: A case report
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Abstract. Sequential therapy using tyrosine kinase inhibi-
tors (TKIs) and mammalian target of rapamycin inhibitors
is the mainstay of treatment for metastatic renal cell carci-
noma. Recently, anti-programmed death-1 (PD-1) antibody, a
type of immune checkpoint inhibitor, was approved for use
against metastatic renal cell carcinoma. In the present report,
two cases of TKI-refractory metastatic renal cell carcinoma
which regained sensitivity to TKI after immunotherapy with
nivolumab were described. In one case, a third challenge
with axitinib after nivolumab treatment resulted in tumor
shrinkage, although the second challenge with axitinib imme-
diately before nivolumab treatment had no effect. In another
case, a second challenge with pazopanib after nivolumab
slightly reduced lung metastasis, which was refractory to
pazopanib before nivolumab treatment. These cases suggest
that nivolumab can influence the response to subsequent TKI
treatment.

Introduction

Sequential therapy is the mainstay of treatment for metastatic
renal cell carcinoma. Targeted therapy using tyrosine kinase
inhibitors (TKIs) and mammalian target of rapamycin inhibi-
tors has played an important role in sequential therapy (1).
Inactivation of the von Hippel-Lindau (VHL) tumor
suppressor protein is one characteristic of clear cell renal
carcinoma. Loss of VHL gene is recognized in 60-70% of
clear cell renal carcinoma (2,3). Inactivation of VHL gene
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results in the up-regulation of hypoxia-inducible factor 1-a
and the growth factor signaling, including vascular endothe-
lial growth factor (VEGF), platelet-derived growth factor, and
transforming growth factor-a. These factors play a key role in
angiogenesis. Various multikinase inhibitors have been devel-
oped for the treatment of renal cancer (4).

Angiogenesis is the most important factor for the growing
of renal cell carcinoma (RCC) (5). VEGF has been recognized
as playing an important role in angiogenesis (6,7). In RCC, high
expression of VEGF and its receptor have been detected (8).

The two TKIs, axitinib and pazopanib, were approved for
advanced RCC. VEGFR and PDGFR are presented as the main
targets of both TKIs. Axitinib has a higher potency and selec-
tivity against VEGFRs, especially VRGFR-2 (9,10). Pazopanib
targets other receptors, including C-kit, fibroblast growth
factor receptors and colony-stimulating factor-1 receptor (11).
Recently, the association between TKIs and tumor immunity
has been reported. Both drugs can also augment antitumor
immunity through reducing MDSCs which is one of immune
suppressor cells (12,13).

Recently, anti-programmed death-1 (PD-1) antibody, an
immune checkpoint inhibitor (ICI), was approved for the treat-
ment of metastatic renal cell carcinoma (14). PD-1 is expressed
on T cells (15). Programmed death-1 ligand-1 (PD-L1) on
cancer cells delivers an inhibitory signal to T cells through
PD-1 (16). Anti-PD-1 antibody blocks the interaction between
PD-L1 and PD-1, thereby activating the T cells against the
cancer cells (14,17). There was some difficulty initially
in determining the best sequence for administering these
drugs, with some studies suggesting that ICI might impact
the response to subsequent cytotoxic agents (18,19). In this
report, we describe two cases in which sensitivity to TKIs was
restored after immunotherapy with an anti-PD-1 antibody.
These findings corroborate the hypothesis that ICI impacts the
response to subsequently administered cytotoxic agents.

Case report

Case 1. A 56-year-old Japanese woman with multiple lung
nodules on chest X-ray was referred to our hospital in 2012.
Computed tomography (CT) disclosed bilateral renal tumors
and bilateral adrenal, hepatic, lung, and lymph node metas-
tases. Based on a biopsy of a renal tumor, RCC was diagnosed
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(cT3N2M1 stage IV). Her Karnofsky performance status
was 100. The peripheral neutrophil and platelet counts, serum
lactate dehydrogenase (LDH), and corrected calcium (cCa)
values were normal. Based on both the Memorial Sloan-Kettering
Cancer Center (MSKCC) and the International Metastatic RCC
Database Consortium (IMDC) risk classifications, sequential
targeted therapy was performed. She received five lines of
targeted therapies from 2012 to 2016 in the following order:
Sorafenib, sunitinib, temsirolimus, axitinib, and pazopanib.
Each drug was stopped due to tumor progression on CT with
the exception of pazopanib. Pazopanib was stopped due to the
adverse effect of anemia. The administration period was 2, 2,
3,36 and 3 months, respectively. The best response achieved
was stable disease (SD), progressive disease (PD), PD, partial
response (PR), and SD, for sorafenib, sunitinib, temsirolimus,
axitinib and pazopanib, respectively. At the end of the fifth line
therapy, multiple lung and lymph node metastases had disap-
peared completely while the bilateral renal tumors and adrenal
and hepatic metastases were still visible on CT.

As sixth line therapy, an axitinib rechallenge was adminis-
tered in 2016 because this drug was the most effective among
those previously used. Although the response after the second
axitinib challenge was SD for eight months, the primary left
renal tumor and bilateral adrenal metastases showed enlarge-
ment on CT (Fig. 1).

As the seventh line of therapy, immunotherapy with
nivolumab was administered in 2017. After 16 administrations,
the left renal tumor and bilateral adrenal metastases enlarged,
and multiple lung metastases recurred (Fig. 1).

As the eighth line therapy, a third axitinib challenge
was administered. One month later, the left renal tumor and
multiple lung and bilateral adrenal metastases showed slight
shrinkage. Surprisingly, six months later, multiple lung and
bilateral adrenal metastases showed clear shrinkage (Fig. 1).
Fourteen months after a third axitinib challenge, the metas-
tases remained stable in their shrunken state.

Case 2. A 64-year-old Japanese man with a left renal tumor
detected by ultrasonography was referred to our hospital
in 2008. Based on the radiological findings, renal cell carci-
noma was diagnosed (CT2NOMO, Stage II). He received a left
radical nephrectomy. A pathological examination revealed
clear cell carcinoma, Fuhrman Grade 2 and pT2. Three
years later, multiple lung metastases were visible on CT.
His Karnofsky performance status was 100. The peripheral
neutrophil and platelet counts and the serum LDH and cCa
values were normal. Based on the MSKCC and IMDC risk
classifications, sequential targeted therapy was performed.
The patient received two lines of targeted therapy in the order
of sunitinib and axitinib from 2011 to 2016. Each drug was
stopped due to tumor progression on CT. The administration
period was 24 and 36 months, and the best response achieved
was SD for both sunitinib and axitinib.

After the second line therapy, CT showed that multiple
lung, lymph node, pancreas, bone, and muscle metastases had
developed (Fig. 2). As the third line therapy, pazopanib was
administered in 2016. Three months later, the lung metas-
tases slightly decreased in volume, and the response was
SD. However, the lung, lymph node, and muscle metastases
enlarged eight months later (Fig. 2).
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As fourth line therapy, immunotherapy with nivolumab
was administered in 2017. CT showed that after five admin-
istrations, new metastatic nodules had developed in the lung.

As fifth line therapy, a second pazopanib challenge was
administered. Four months later, some of the lung metastases
had shrunk, and the response was SD (Fig. 2). Eight months
after a second pazopanib challenge, the metastases enlarged
slightly from their shrunken state.

Discussion

We demonstrated two cases of metastatic TKI-refractory renal
cell carcinoma which regained sensitivity to TKI after immu-
notherapy with nivolumab. Surprisingly, in Case 1, the third
axitinib challenge after nivolumab caused dramatic tumor
shrinkage although the second axitinib challenge immediately
before nivolumab administration had no effect. The lack of T
cell number of activation level in PMBCs for evaluation of ICI
effect as a potential limitation of the study.

Recently, the hypothesis that ICI can impact the
patient's response to subsequently cytotoxic agents was
advanced (18,19). In a phase III trial, nivolumab was able to
improve overall survival to a greater extent than in the control
but was unable to improve progression-free survival (20-22).
Trials of a combination therapy with ICI and a cytotoxic agent
have shown good results (23,24). These studies revealed that
a combination of ICI and cytotoxic agents had a synergistic
effect. These findings are supported by the fact that the
response to cytotoxic agents or targeted drugs improved after
nivolumab therapy. Recently, some studies have reported
findings supporting this hypothesis. In lung cancer, docetaxel
after ICI had a stronger effect than docetaxel alone (18,19).
Albiges et al (25) also reported that in target therapy for RCC,
ICI may impact the response to subsequent therapy. These
reports suffered from the limitation of being retrospective.
Our report, however, was able to corroborate this hypothesis.

Our findings strongly suggest that ICI affected cytotoxic
agents and target drugs via the same mechanism. There are
four possible explanations for the effectiveness of a rechallenge
with a TKI after ICI: First, the presence of a heterogeneous
cancer cell population (26) consisting of those sensitive to
immunotherapy and those sensitive to TKI. Immunotherapy
killed only the immunotherapy-sensitive cancer cells, leaving
the TKI-sensitive cells to grow. Radiological examination
apparently induced disease progression. Rechallenge with
a TKI shrank the tumors consisting mostly of TKI-sensitive
cells (Fig. 3); second, some patients treated with ICIs experi-
enced an initial increase in the size of their tumors, confirmed
by biopsy as inflammatory cell infiltrates or necrosis, which was
followed by a decreased tumor burden. These delayed clinical
responses were observed in patients with melanoma, sarcoma or
bladder, breast, colorectal, esophageal, gastric, head and neck,
lung, pancreatoduodenal, ovarian, renal cell or uterine cancer.
In all these cases, an increase in the total tumor burden was
later followed by tumor regression. These findings were clas-
sified as pseudoprogression merely due to nivolumab, and the
rechallenge with the TKI was considered not to have had any
effect, i.e., only a delayed response to ICI was observed (27,28).
Fujimoto have reported that 14 (3%) patients with non-small
cell lung cancer showed pseudoprogression of 542 patients
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Figure 1. CT findings in Case 1. Chest CT showed the appearance of right lung metastasis during immunotherapy with nivolumab. The metastasis disappeared
after the 3rd challenge with axitinib. Abominal CT showed an increase in the left primary renal tumor and bilateral adrenal metastasis during immunotherapy
with nivolumab, which shrank following the 3rd challenge with axitinib. CT, computerized tomography; Rt, right; Lt, left.
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Figure 2. Chest CT findings in Case 2. Chest CT showed an increase in the
lung metastases during immunotherapy with nivolumab, which shrank after
the 2nd challenge with pazopanib. CT, computerized tomography.

who received nivolumab monotherapy. Pseudoprogression was
uncommon, and the response duration in patients with pseu-
doprogression was shorter than that in patients with typical
response (29); third, the PD-L1 and PD-1 interaction was
able to control T cell anergy, which the ICI reversed (30). The
administration of ICI resolved the anergic state of the CTLs.
These naive CTLs were primed with antigens released from the
tumor cells killed by the TKI (Fig. 4); and fourth, the adminis-
tration of ICI resolved the anergic state of the CTLs, but these
CTLs were suppressed by myeloid-derived suppressor cells
(MDSCs). The CTLs were activated through the reduction of
MDSCs by the TKI (31) (Fig. 5).

To conclude, sequential therapy is recommended for
metastatic RCC (1). However, the optimal sequence of drug
administration in sequential therapy is controversial. Recently,
the effect of a combination therapy of ICI and a cytotoxic agent
was tested with good results (12,13). However, the optimal

drug for combination with ICI is still uncertain. Clarifying
the mechanism underlying this phenomenon is the first step to
choosing the best drug and sequence of drug administration in
sequential therapy.
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Figure 3. Hypothesis 1. (A) There are a heterogeneous cancer cell population consisting of those sensitive to immunotherapy and those sensitive to TKI.
Immunotherapy destroyed only the immunotherapy-sensitive cancer cells. (B) The TKI-sensitive cells grow. Radiological examination apparently induced
disease progression. (C) Rechallenge with a TKI shrank the tumors consisting mostly of TKI-sensitive cells. CTL, cytotoxic T lymphocyte; DC, dendritic cell;
Treg, regulatory T cell; MDSCs, myeloid-derived suppressor cells; TKI, tyrosine kinase inhibitor.
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Figure 4. Hypothesis 3. (A) The PD-LI and PD-1 interaction controls T cell anergy The administration of ICI resolved the anergic state of the CTLs. (B) The naive
CTLs were primed with antigens released from the tumor cells destroyed by the TKI. (C and D) The effector CTLs destroyed the cancer cells. CTL, cytotoxic T
lymphocyte; DC, dendritic cell; Treg, regulatory T cell; MDSCs, myeloid-derived suppressor cells; ICI, immunocheckpoint inhibitor; TKI, tyrosine kinase inhibitor.
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Figure 5. Hypothesis 4. (A) The administration of ICI resolved the anergic state of the CTLs =. The effector CTLs were suppressed by MDSCs. (B) The CTLs
were activated through the reduction of MDSCs by the TKI. (C and D) The effector CTLs destroyed the cancer cells. Cytotoxic T lymphocyte; DC, dendritic
cell; Treg, regulatory T cell; MDSCs, myeloid-derived suppressor cells; ICI, immunocheckpoint inhibitor; TKI, tyrosine kinase inhibitor.
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