
Abstract. Background/Aim: The efficacy of immune
checkpoint inhibitor (ICI) combinations in treating inferior
vena cava (IVC) tumour thrombi has not yet been reported.
We aimed to evaluate the clinical efficacy of ICIs for patients
with renal cell carcinoma (RCC) and a concomitant IVC
tumour thrombus. Patients and Methods: Three men and two
women with RCC and an IVC tumour thrombus were
administered ICIs in 2020-2021. Three and two patients
received nivolumab plus ipilimumab and pembrolizumab plus
axitinib therapy, respectively. Results: All ICI-treated
patients showed tumour shrinkage. The IVC thrombus level
was downstaged in two patients. The mean reduction in
maximum primary tumour diameter and IVC thrombus
height was 34 and 33 mm, respectively. Conclusion:
Presurgical ICI therapy in three patients who underwent
radical nephrectomy with thrombectomy resulted in a
modified surgical strategy and approach and reduced
surgical risk. Thus, ICIs may treat select cases of RCC with
an IVC tumour thrombus effectively.

Inferior vena cava (IVC) tumour invasion occurs in 4-10%
of patients with renal cell carcinoma (RCC) (1, 2). According
to the European Association of Urology Guidelines, a strong
rating is recommended for the removal of RCC and IVC
tumour thrombi in cases of non-metastatic disease without
distant metastasis (3). However, complication rates during

the operation of IVC tumour thrombi can increase, leading
to an upward extension of these thrombi (4). In such cases
presurgical treatment, such as with a tyrosine kinase inhibitor
(TKI), is expected to shrink the IVC tumour thrombi (5, 6).
Some TKIs may have a limited reducing effect on the IVC
tumour thrombus, contrary to their effect on primary or
metastatic tumours (7-10).

Recent guidelines recommend immune checkpoint
inhibitor (ICI) combination therapies as a first-line
treatment for incurable RCC or metastatic RCC (mRCC)
(3). Compared to sunitinib use in mRCC patients, first-
line ICI treatment is reportedly associated with a longer
overall and progression-free survival and a higher
objective response rate. ICIs have, therefore, become
standard first-line treatment options for incurable RCC or
mRCC (11, 12). Hitherto, there has been no report on the
efficacy of ICI combinations in the treatment of IVC
tumour thrombi. Here, we investigated the efficacy of ICI
in patients with RCC and IVC tumour thrombi in terms of
primary tumour shrinkage and decrease of the tumour
thrombi extent.

Patients and Methods
Study design and patient data. We retrospectively reviewed the
medical records of five RCC patients with concomitant IVC tumour
thrombi who received ICIs at Tokyo Women’s Medical University
Hospital between January 2020 and June 2021 (IRB approval
number: 2021-0061).

Data collection. The following clinical data were collected: i) age
at which initial treatment was administered, ii) sex, iii) performance
status, iv) organs showing metastasis, and v) 2009 tumor, node,
metastasis (TNM) classification (13). The risk was characterized
using the International Metastatic Renal Cell Carcinoma Database
Consortium (IMDC) risk classification system (14). The IVC
thrombi staging was performed using Neves and Zincke’s
classification system (15).
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Computed tomography (CT). All images were obtained using 64-
row detector scanners (Aquilion 64; Canon Medical Systems,
Otawara, Japan) or 320-row detector scanners (Aquilion One;
Canon Medical Systems). 

Magnetic resonance imaging (MRI). MRI imaging was performed
using a 1.5-T clinical MRI unit (Gyroscan Intera and Intera; Philips
Medical Systems, Best, the Netherlands). 

Histology. Upon removal from the patients, the specimens were
fixed with 10% neutralized buffered formalin and embedded in
paraffin. The formalin-fixed paraffin-embedded tissues were serially
sliced (5μm), followed by H&E staining.

Treatment outcomes. The objective clinical response in terms of the:
i) maximum diameter of the primary tumour (mm), ii) tumour
thrombus level, iii) highest tumour thrombus distance (mm) above
the renal vein, and iv) largest thrombus diameter (mm) at its
segment, were assessed using CT or MRI. Furthermore, the
histopathological effects following ICI therapy in three patients who
underwent radical nephrectomy (RN) and IVC thrombectomy were
evaluated. Adverse event (AE) grades were based on the Common
Terminology Criteria for Adverse Events (CTCAE, version 5.0).

Results

Five patients, three men and two women, with a mean age
of 65 (range=48-72 years at the time of treatment initiation)
were treated using ICIs for RCC with IVC tumour thrombi.
Patient characteristics are summarized in Table I. The
thrombus levels were IV in one patient and II in the
remaining four patients. Four patients had multiple lung
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Table I. Clinical characteristics of patients with renal cell carcinoma and inferior vena cava tumour thrombi who received combination treatment
with immune checkpoint inhibitors.

No.     Age      Gender          IMDC cTMN ICIs Metastases Treatment Metastases AE or Histopathology
        (years)                            risk duration irAE
                                                   (months)
             
1          48          Male             Poor cT3cN0M1 Nivolumab+ Lung 20 Lung None Clear-cell RCC
                                          (5 factors) ipilimumab metastases 
                                                   disappeared 
2          67        Female           Poor cT3bN0M1 Pembrolizumab+ Lung 3 Lung  None Clear-cell RCC
                                          (4 factors) axitinib metastases 
                                                   disappeared
3          64          Male      Intermediate cT3bN0M0 Pembrolizumab+ IVC wall 1 None Liver Clear-cell RCC
                                                   invasion dysfunction
                                           (1 factor) Axitinib
4          72          Male             Poor cT3bN2M1 Nivolumab+ Lung, LN 8 All lung and Hypopituitarism Unknown
                                          (4 factors) ipilimumab LN metastases 
                                                   disappeared
5          72        Female           Poor cT3bN2M1 Nivolumab+ Brain, 18 Some lung Drug Clear-cell
                                          (5 factors) ipilimumab lung, metastases eruption RCC
                                                   and LN increased

IMDC: International Metastatic renal cell carcinoma Database Consortium; cTMN: tumor, node, metastasis; AE: adverse event; ICI: immune
checkpoint inhibitor; irAE: immune-related AE; LN: lymph node.

Figure 1. Inferior vena cava (IVC) tumour thrombi with changes (red
arrows) revealed using computed tomography or magnetic resonance
imaging in patients with renal cell carcinoma. (a-1, b-1, c-1, and d-1)
Evaluation of IV tumour thrombi before combination treatment with
immune checkpoint inhibitors (ICIs) in cases 1, 2, 3, and 4, respectively.
(a-2, b-2, c-2, and d-2) The best responses of IVC tumour thrombi
treated with ICIs was observed in cases 1, 2, 3, and 4, respectively. (c-
3) Case 3: An increase in the pre-existing IVC tumour thrombi one
month after ICI therapy interruption owing to an immune-related
adverse event.



metastases, two of which also had lymph node metastases,
and one had an additional metastatic lesion in the brain.
According to the IMDC classification, the risk was
intermediate in one and poor in four patients. Three patients
received nivolumab plus ipilimumab and two received
pembrolizumab plus axitinib therapy. The average ICI
therapy duration was 10.0 months (range=1-20 months).

ICI therapy shrank the primary tumours, metastatic
lesions, and IVC thrombi in all cases. The cases of IVC
tumour thrombi are shown in Figure 1A-D. Treatment
outcomes are summarized in Table II. In three of four
patients with metastases, all metastatic lesions almost
disappeared after treatment. The best responses recorded
were: i) reductions in the diameter and height of the IVC
tumour thrombus of 17 mm (43.6%) and 33 mm (39.0%),
respectively, and ii) a reduction of 34 mm (36.1%) in the
maximum diameter of the primary tumour lesion. The IVC
thrombus level was eventually downstaged from IV to III in
one patient and from II to I in another, while it did not
increase during ICI therapy in any patient.

Following ICI therapy, RN with thrombectomy was
performed in three patients, and a less invasive procedure
could be employed in all of them. Notably, in case 1, the
IVC intrathoracic level IV thrombus was downstaged to
intrahepatic level III, thus, extensive thoracotomy was not
required. Instead, this patient underwent a surgical procedure
using a less invasive vascular approach for clamping the
supra hepatic IVC, which included extensive hepatic
mobilization and infrarenal IVC, along with contralateral
renal vein control. Cases 2 and 3, whose intrahepatic IVC

tumour thrombi decreased to level II, did not require
extensive hepatic mobilization and underwent intra hepatic
IVC clamping on the atrial side; the remaining procedure
was the same as above. In these patients, the average total
operation time was 329 minutes and blood loss was 1,479
ml. No patient developed perioperative complications. The
average postoperative hospitalization period was seven days.
Clear-cell RCC was diagnosed based on percutaneous biopsy
or RN with thrombectomy findings in all five patients. Much
of the resected primary tumours and IVC tumour thrombi
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Table II. Clinical outcomes of combination treatment with immune checkpoint inhibitors in patients with renal cell carcinoma and inferior vena
cava tumour thrombi.

No.        IVC               IVC           Primitive Time from Surgery Metastases Overall  Follow up Current 
         thrombus      thrombus         tumour, the initiation after ICI tumour period from treatment
             level            distance         mm (%) of ICIs to therapy response the initiation 
                               above the              surgery of ICIs 
                              renal vein,             (months) (months)
                                mm (%)
                 
1           Level         –44 (–34)       –37 (–36) 11 RN and IVC Lung  New brain 20 Ongoing 
           IV→III                                       thrombectomy metastases metastases treatment
                                                              disappeared after surgery
2           Level         –39 (–48)       –19 (–26) 4 RN and IVC Lung  No metastases 13 Interruption
             II→I                                         thrombectomy metastases 
                                                              disappeared
3           Level         –19 (–25)       –17 (–35) 3 RN and IVC None No metastases 12 Interruption
            II→II                                         thrombectomy
4          Level         –20 (–36)       –40 (–36) - - Lung/lymph  Partial response 8 Ongoing 
             II→I                                         node metastases treatment
                                                              disappeared
5           Level         –37 (–55)       –56 (–48) - - Lung metastases Progressive 18 Ongoing 
            II→II                                         shrank disease treatment

ICI: Immune checkpoint inhibitor; IVC: inferior vena cava; RN: radical nephrectomy.

Figure 2. Microscopic appearance of inferior vena cava (IVC) tumour
thrombi and primary tumours after combination treatment with immune
checkpoint inhibitors. The two haematoxylin and eosin-stained sections
on the left were taken from IVC tumour thrombi and those on the right
are from primary tumours. Residual malignant cells are present (double
asterisk) in these tumours, as was the necrotic tissue that replaced the
IVC tumour thrombus (asterisk). Scale bar=2 mm.



showed ICI therapy-induced tissue necrosis. Despite this,
viable tumour cells, albeit slightly degenerated, persisted in
all cases (Figure 2). Three patients experienced major
adverse effects (AEs) of grades higher than CTCAE grade 2.
Two of these patients received high-dose steroid therapy.
One patient discontinued ICI therapy due to grade IV liver
dysfunction. This patient was preoperatively suspected of
tumour invasion to the IVC wall; thus, we decided to use
ICIs during the preoperative waiting period. The tumour
thrombus level in this patient increased again one month
after treatment interruption. The patient (case 3) underwent
RN and IVC thrombectomy with part of the IVC wall
resected immediately after this immune-related AE (irAE)
was managed. Three patients showed no sign of local
recurrence or distant metastases nine months after surgery on
average; however, one needed radiation therapy for brain
metastasis after surgery.

Discussion

In the present study, we report our experience with ICI
therapy in five RCC patients with IVC tumour thrombi. The
height and width of IVC thrombi rapidly was reduced by
approximately 39.0% and 43.6%, respectively, in 1-3
months. The maximum primary tumour diameter rapidly
decreased by approximately 36.1%, whereas the IVC tumour
thrombus was downstaged in two patients (40%). These
results suggest that ICI therapy may effectively reduce
tumour thrombi, leading to presurgical treatment in some
patients. Interestingly, distant metastases disappeared after
ICI therapy in settings where surgery was considered unsafe
or unfeasible. Furthermore, shrinking tumour thrombi inside
the IVC and renal veins through presurgical treatment may
facilitate the control of bleeding during surgery as venous
return stasis is improved (4, 16). Three of our five patients
who underwent RN and thrombectomy may have benefited
in terms of surgical strategy modification or risk reduction.

There is a risk of delay in radical nephrectomy due to the
occurrence of AEs or irAEs. In two long-term randomized
trials for patients with advanced renal carcinomas without
thrombi, namely the Checkmate 214 trial
(ipilimumab+nivolumab) and the KEYNOTE-426 trial
(pembrolizumab+axitinib), treatment-related AEs leading to
treatment discontinuation occurred in 22.7% and 10.1% of
the patients, respectively (11, 12). These trials showed that
the progressive disease risk was 20% and 10.9% in the
respective groups. It could, therefore, be of importance to
consider the possibility of upfront surgery without
presurgical ICI therapy as a more suitable strategy for
patients with IVC tumour thrombi. 

In our study, the patient who discontinued their treatment
due to irAEs presented with tumour growth and progression
one month after treatment discontinuation. 

Eventually, the shrinkage of the IVC tumour thrombi
allowed the patient to undergo a minimally invasive surgery,
as described above. This case suggested that even if ICI
treatment has a remarkable effect on shrinking IVC tumour
thrombi, its effect would likely disappear upon
discontinuation of the treatment. In patients who underwent
surgery, some viable cells of the primary tumour and IVC
tumour thrombus lesions persisted even after ICI therapy. 

Our data are biased because of their retrospective
acquisition, the short observation period, and the small
number of cases. The perioperative management of RCC
with IVC tumour thrombi remains to be established. This
study suggests that presurgical ICI therapy may be advisable
for a select cohort of RCC patients with IVC thrombi.
However, ICIs can cause serious irAEs, as in the present
study, or even disease progression (11, 12), and their
application should be carefully thought out. It is necessary
to always consider pulmonary embolism or progressive
disease risk due to IVC tumour thrombi and carefully
monitor it until surgery.

In conclusion, ICI therapies for RCC patients with IVC
tumour thrombi appear to result in primary tumour shrinkage
and thrombus reduction. Surgery may be the first choice for
these patients; however, our results suggest that presurgical
ICI therapies offer benefits, such as reducing the need for
invasive surgical procedures in select patients. 
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