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Successful first-line treatment
of simultaneous multiple
primary malignancies of lung
adenocarcinoma and renal clear
cell carcinoma: A case report

Xiaojun Ye †, Xiangliang Liu †, Na Yin, Wei Song, Jin Lu,
Yi Yang and Xiao Chen*

Cancer Center, The First Hospital of Jilin University, Changchun, China
Background: Multiple Primary Malignancies (MPMs) refer to the occurrence of

two or more primary malignancies in the same organ or multiple organs and

tissues of the same patient simultaneously or sequentially, with an incidence rate

ranging from 2-17%. According to the difference in the time of occurrence of each

primary tumor, MPMs can be classified as simultaneous malignancies and

heterochronic malignancies. The former refers to the occurrence of two or

more malignancies one after another within 6 months, while the latter refers to

the occurrence of two malignancies at an interval of more than 6 months.

Currently, there is a lack of effective treatment options for MPMs both nationally

and internationally.

Case presentation: The patient was a 65-year-old male smoker with a definite

diagnosis of advanced lung adenocarcinoma with kirsten rat sarcoma viral

oncogene (KRAS) mutation, concomitant with primary renal clear cell carcinoma

(RCCC), who had a progression-free survival (PFS) for 7 months after first-line

treatment with albumin-bound paclitaxel and cisplatin in combination

with sintilimab.

Conclusion: In this paper, we report a case of advanced lung adenocarcinoma

combined with RCCC as a concurrent double primary malignancy, which

achieved a satisfactory outcome after first-line chemotherapy combined with

immunotherapy, with the aim of exploring effective treatment modalities for

this type of MPMs, in order to improve the survival and prognosis of

the patient.
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Introduction

Lung cancer is the most common malignant tumor in China,

according to the latest data released by China Cancer Center, its

morbidity and mortality rank first (1), and non-small cell lung

cancer (NSCLC) accounts for about 80-85% of the total number

of lung cancers (2). Renal cell carcinoma has a relatively low

incidence in China, ranking 14th in incidence and 15th in

mortality of malignant tumors (3), among the subtypes, the

clear cell type is the most common, accounting for about 70% of

renal cell carcinoma (4). While lung cancer combined with

primary renal cell carcinoma, only a few cases have been

reported (5–7). For such Multiple Primary Malignancies

(MPMs), the diagnosis must meet two criteria. First, all

tumors must have malignant histologic features. Second,

individual tumors must have different pathologic origins,

excluding the possibility of metastasis (8). Unfortunately,

although diagnostic criteria of MPMs were described at the

end of the 19th century (9), there were no guidelines for the

treatment of MPMs.

For NSCLC, especially lung adenocarcinoma, the standard

first-line chemotherapy is pemetrexed combined with platinum

(10). While for patients with low PD-L1 expression, previous

studies have shown that the addition of anti-PD-1 inhibitors to

standard chemotherapy can significantly improve prognosis (11,

12). Although PD-L1 is an excellent immune marker, it is not a

perfect biomarker due to many complexmechanisms. On the one

hand, chemotherapy may induce the release of tumor antigens,

thereby activating the immune system and enhancing the

immune response, playing a synergistic anti-tumor role. On the

other hand, due to the temporal and spatial heterogeneity, the

level of PD-L1 shown by lung biopsy immunohistochemistrymay

not be the true level of cancer patients, so NSCLC patients with

negative PD-L1 expression may also benefit significantly from

immunotherapy. For inoperable renal clear cell carcinoma

(RCCC), agents representing the anti-vascular endothelial

growth factor or vascular endothelial growth factor receptor

pathway, such as sunitinib and sorafenib, have been

recommended for first-line therapy (13, 14). But in recent years,

combined immunotherapy has shown better efficacy (15). We

report a case of first-line application of chemotherapy combined

with immunotherapy for advanced lung adenocarcinoma

combined with RCCC of a double primary malignancy and

propose an individualized treatment approach for this rare case

based on the patient’s status, the histological type of the tumor, the

stage of the disease and the detection of molecular.
Case presentation

The patient, a 65-year-old male, was admitted to the

hospital for the first time on November 6, 2020, with
Frontiers in Immunology 02
“cough, chest tightness and chest and back pain for 1

month”. He had a history of smoking for 40 years, with

about 5 cigarettes per day. Computed tomography (CT) of

the lungs suggested occupancy of the upper lobe of the left

lung, about 9.4x5.4cm in size, and invasion of the adjacent left

rib pleura, mediastinal and left hilar lymph node enlargement,

multiple nodules of 0.3-0.8cm in both lungs (Figure 1A).

Abdominal CT suggested occupancy in the lower pole of the

left kidney with 5.0cm in size (Figure 2A). Bone scan suggested

metastasis to the 3rd thoracic vertebra (Figure 3), while

ultrasound and head CT of the remaining cervical lymph

nodes showed no abnormality. The lung puncture biopsy

revealed adenocarcinoma, and immunohistological staining

results showed positive for cytokeratin 7 (CK7+), cell

proliferation antigen Ki-67(50%+), thyroid transcription

factor 1 (TTF-1+), Napsin A+, negative for cytokeratin 20

(CK20-), cytokeratin 5/6 (CK5/6-), tumor suppressor gene

P40- (Figure 4A). Renal puncture biopsy suggested RCCC,

and immunohistochemistry showed pan cytokeratin (CK-

pan+), cytokeratin 7 (CK7+), anticytokeratin (CAM5.2+),

Vimentin+, alpha-methylacyl CoA racemase (P504S+),

paired box protein-8 (PAX-8+), cluster of differentiation 10

(CD10+), cluster of differentiation 117 (CD117-), cytokeratin

20 (CK20-), transcription factor E3 (TFE3-) (Figure 4B).

Genetic testing of lung tissues showed point mutations in

exon 2 of KRAS gene, and programmed death-ligand 1 (PD-

L1) protein expression tests in both lung and kidney tissues

were negative (Figures 5A, B).

Combined with symptoms, imaging examination and

pathological findings, the patient was clinically diagnosed as

left lung adenocarcinoma (cT4N2M1c, stage IVb, KRAS+,

EGFR-, ALK-, ROS1-, PD-L1-), multiple metastases in both

lungs, bone metastases, and clear cell carcinoma of the left

kidney (cT1bN0M0 stage I, PD-L1-). Among them, lung

cancer and RCCC staging were defined according to the

TNM staging system, Edition 8 of the American Joint

Committee on Cancer (AJCC). He was treated with

albumin-bound paclitaxel and cisplatin in combination with

sintilimab in one cycle every 21 days (the treatment flow chart

was shown in Figure 6). After 2 cycles, the patient self-

reported symptoms of cough and chest tightness were

significantly relieved. According to the Response Evaluation

Criteria in Solid Tumors 1.1 (RECIST 1.1), chest CT scan

confirmed a stable disease (SD, Figure 1B), and the left kidney

lesion was assessed as SD (Figure 2B). Continuing the

treatments of albumin-bound paclitaxel and cisplatin

combined with sintilimab, the efficacy of pulmonary lesions

and renal lesions were still evaluated as SD after 6 cycles of

treatment (Figures 1C, 2C). Subsequently, the follow-up

examination on June 20, 2021, found that after 2 cycles of

immune monotherapy maintenance therapy, there were no

significant changes in the primary lesion of the left lung
frontiersin.org
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(Figure 1D), but new lung metastases occurred (Figures 1F vs.

1E). While the left renal lesion was similar to the previous

lesion (Figure 2D). Overall, the disease was evaluated

as progress.
Discussion

In this case, the immunohistochemical results of CK7, Napsin

A and TTF-1 supporting the diagnosis of lung adenocarcinoma

were all positive, and the immunohistochemical results of

Vimentin, CD10 and PAX-8 supporting the diagnosis of RCCC
Frontiers in Immunology 03
were all positive. Combined with the morphology and

immunohistochemical results of tumor tissue, it was clear that

the two tumors of this patient occurred independently, not by

metastasis. Currently, the pathogenesis ofMPMs is still unclear and

generally considered to be the result of the long-term effect of

multiple carcinogenic factors, which are related to genetic factors,

intrinsic factors (susceptibility, immune status, endocrine),

physical and chemical environment (long-term exposure to

radiation and industrial pollution) and bad lifestyle (smoking,

alcohol abuse), etc. (6, 16–18). The patient in this case was a

long-term smoker, which is not only a high risk factor for the

development of lung cancer, but also a common causative factor for
B

C D

E F

A

FIGURE 1

CT of the lungs at different times. (A–D) Mediastinal Window; (E–F) window of lung fields. (A) Pulmonary lesion before treatment. (B) CT
revealed a stable disease after 2 cycles of albumin-bound paclitaxel and cisplatin in combination with sintilimab. (C) CT revealed a stable disease
after 6 cycles of albumin-bound paclitaxel and cisplatin in combination with sintilimab. (D) CT showed no significant changes in the primary
lesion of the left lung after sequential 2 cycles of sintilimab immune monotherapy maintenance treatment. (E)The window of lung fields after 6
cycles of albumin-bound paclitaxel and cisplatin in combination with sintilimab. (F) CT revealed pulmonary metastases increased after sequential
2 cycles of sintilimab immune monotherapy maintenance treatment (as the red arrow).
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RCCC. A potential association between smoking and KRAS

mutations has been shown, with a 25-35% incidence of KRAS

mutations in smokers compared to 5% in nonsmokers (19). Gene

detection of this patient’s lung tissue revealed KRAS mutations,

suggesting that smoking may promote the expression of genetic

susceptibility that together leads to the development of MPMs. In

addition, some research point out (20), KRAS mutation is a more

common molecular alteration in advanced NSCLC and associated

with poor prognosis. Therefore, it is crucial to formulate an

individualized treatment plan for the synchronous double

primary malignancy with KRAS mutation in this case, with late

staging and poor prognosis.

It has been stated that the choice of treatment for multiple

cancers should depend on the potential malignancy of each

primary tumor, with priority given to tumors with higher

primary malignancy and more advanced staging to develop

treatment plans (7) . Compared with RCCC, lung

adenocarcinoma is prone to distant metastasis to the skull,

liver, bone, and adrenal glands (21), whereas RCCC has a lower

malignancy and relatively few distant metastasis (22). In this

case, the lung adenocarcinoma had a larger tumor load, higher

malignancy, and more advanced stage, therefore, bone

metastasis was considered to originate from pulmonary
Frontiers in Immunology 04
lesions. In view of the above considerations, priority needs to

be given to lung cancer in the treatment, while taking into

account the treatment of kidney tumors. Based on the results of

the Keynote-189 study (23), the addition of pembrolizumab to

standard chemotherapy with pemetrexed and platinum

significantly prolonged progression-free survival (PFS) and

overall survival (OS) in previously untreated patients with

advanced non-squamous NSCLC without EGFR or ALK

mutat ions , regardless of PD-L1 express ion levels .

Subsequently, the ORIENT-11 study (24) continued the

treatment paradigm of immunotherapy combined with

chemotherapy by applying a selective anti-PD-1 monoclonal

antibody, sintilimab, to exert anti-tumor effects by blocking the

PD-1/PD-L1 interaction to reactivate immune cells, and

showed that the addition of sintilimab to standard

chemotherapy significantly prolonged median PFS by 4.2

months (9.2 vs. 5.0 months), which was similar to the results

of the Keynote-189 study (median PFS prolongation of 4.1

months, 9.0 vs. 4.9 months). These studies confirmed the role

of immunotherapy in the first-line treatment of locally

advanced or metastatic non-squamous NSCLC.

In addition, one study reported that the presence of driver

gene mutations may be an independent factor affecting the
B

C D

A

FIGURE 2

Abdominal CT at different times. (A) The left kidney lesion before treatment. (B) CT revealed a stable disease after 2 cycles of albumin-bound
paclitaxel and cisplatin in combination with sintilimab. (C) CT revealed a stable disease after 6 cycles of albumin-bound paclitaxel and cisplatin
in combination with sintilimab. (D) No significant change in left kidney lesion after sequential 2 cycles of sintilimab immune monotherapy
maintenance treatment.
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prognosis of NSCLC (25). In particular, patients with G12C

mutation have a mutation rate of 13% in lung adenocarcinoma

(26). Sotorasib was the first inhibitor of KRAS G12C mutation,

and the CodeBreak 100 phase II study showed that mPFS was 6.8
Frontiers in Immunology 05
months (26). On May 58, 2021, the US Food and Drug

Administration has granted accelerated approval to sotorasib

for the treatment of adults with advanced NSCLC with KRAS

G12C mutation (27). But considering that the patient in this case
FIGURE 3

Whole body bone imaging showed increased radioactivity in the third thoracic vertebra with bone destruction.
BA

FIGURE 4

Tissue sections stained with hematoxylin-eosin. (A) Adenocarcinoma of the left lung. (B) Left renal clear cell carcinoma.
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was diagnosed on November 14, 2020, there are currently no

approved KRAS mutation-targeting drugs available at this time.

Therefore, primers for KRAS specific mutation sites were not

designed for the ten genes detected by Polymerase Chain

Reaction (PCR) technology. However, it is worth noting that

patients with KRAS mutations showed a better response to PD-1

inhibitors, and PFS and OS are also improved (28, 29). It has

been claimed that KRAS mutations promote T cell infiltration

and enhance tumor immunogenicity, thereby improving the

immune efficacy of PD-1/PD-L1 inhibitors (30). Genetic

testing of lung tissue in this patient showed a point mutation

in exon 2 of KRAS, and the use of PD-1 inhibitors may have a

favorable prognosis for the patient. Ultimately, the patient chose

immunotherapy with sintilimab.

On the other hand, given the negative PD-L1 expression in lung

and kidney tissues of this case, chemotherapy combined with

immunotherapy may achieve better efficacy. Chemotherapy is a

routine treatment for malignant tumors, but although
Frontiers in Immunology 06
chemotherapy has certain effects, it largely lacks the tumor killing

effect of bystander, and at tolerable doses, the remaining malignant

cells can easily escape and become resistant (31). However,

chemotherapy-induced death of cancer cells can release a large

number of cytoplasmic, nuclear proteins and other substances,

which can improve the immunogenicity of cancer cells, transform

immune “cold” tumors into immune “hot” tumors, and ultimately

promote the recognition and elimination of residual cancer cells by

immune checkpoint inhibitors (32–34). Therefore, chemotherapy

combined with immunotherapy has a certain synergistic

antitumor effect.

The standard first-line chemotherapy regimen for patients

with advanced NSCLC is a platinum-based agent. Pemetrexed is

recommended for patients with NSCLC, particularly non-

squamous cell carcinoma (35, 36), but paclitaxel has broader

anticancer activity that inhibits tumor cell mitosis by promoting

mi c ro tubu l i n po l ymer i z a t i on and inh ib i t i ng i t s

depolymerization, this mechanism that makes paclitaxel
BA

FIGURE 5

PD-L1 protein expression on tumor cells was detected by VENTATA PD-L1(SP263). (A) The results was negative. (B) The results was negative.
FIGURE 6

Time flow chart of the diagnosis and treatment process of this patient. (C2 represents 2 courses of treatment, C4 represents 4 courses of
treatment, C6 represents 6 courses of treatment, C2 maintenance therapy represents 2 courses of maintenance therapy).
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potentially efficacious in renal cell carcinoma as well (37, 38).

Albumin-bound paclitaxel is a novel solvent-free formulation of

paclitaxel that reduces the risk of hypersensitivity reactions and

hematotoxicity caused by organic solvents (39). Therefore,

albumin-bound paclitaxel in combination with cisplatin was

chosen for chemotherapy. Of note, albumin-bound paclitaxel

and cisplatin also have toxic and side effects, including bone

marrow suppression, extremities numbness caused by peripheral

neuropathy, renal toxicity and gastrointestinal reactions (40, 41).

In this case, chemotherapy-related bone marrow suppression

occurred during the treatment. After the third course of

treatment, the platelet decreased to 80x109/L (normal range is

100-300x109/L), but the platelet returned to normal after the

treatment with thrombopoietin. In addition to chemotherapy

and immunotherapy, anti-angiogenic drugs such as

bevacizumab have also been proven to have good therapeutic

effects (42). However, considering the economic status of the

patient and the strong toxicity of the combination of four

drugs, the family finally chose not to combine the anti-

angiogenesis drugs.

Surprisingly, the patient’s tumor markers continued to

decrease during treatment. In the baseline period, cytokeratin

19 fragment, carcinoembryonic antigen (CEA), carbohydrate

antigen 125(CA125) and neuron specific enolase (NSE) were

abnormally increased, especially cytokeratin 19 fragment and

CEA (Figure 7). After 2 courses of treatment, CA125 and NSE

were reduced to normal, and after 6 courses of treatment,

cytokeratin 19 fragment was reduced to normal, and CEA was

also significantly reduced, indicating that albumin-bound

paclitaxel and cisplatin in combination with sintilimab can

effectively control the growth of tumor cells.

In recent years, great progress has been made in the

exploration of the relationship between inflammation and

cancer. Inflammatory response plays an important role in the

occurrence and development of tumors (43). For example,

neutrophil count (ANC), C-reactive protein (CRP),
Frontiers in Immunology 07
neutrophil-to-lymphocyte ratio (NLR) can reflect the

inflammatory state of the body (44–46). Studies have shown

that there is a negative correlation between neutrophils and

CD8+ T cell content in NSCLC (47). Theoretically, T

lymphocytes reflect cell-mediated immune responses and

play an important role in anti-tumor immune responses

(48, 49). Among them, the change of CD3+ T lymphocyte

number represents the change of total T lymphocyte ratio in

peripheral blood. Neutrophils represent a response to

systemic inflammation, suggesting that neutrophils are

involved in an inflammatory response that inhibits anti-

tumor immune responses by inhibiting the cytotoxic

activity of immune cells, especially activated T cells (50).

Therefore, reduced NLR and elevated T lymphocytes may be

associated with better response to immunotherapy and

prognosis in patients with advanced cancer. In this case,

ANC, CRP and NLR were all within the normal range

before treatment, and further reduced after 2 and 6 courses

of treatment (Figure 8). Moreover, the content of CD3+ and

helper/inducer T cells (CD3+CD4+) increased after treatment

(Figure 9), revealing that these peripheral blood indicators

may be closely related to the good prognosis of this patient.
Conclusion

In this case, the PFS of the patient was 7 months for first-

line treatment with chemotherapy (albumin-bound paclitaxel

and cisplatin) combined with immunotherapy (sintilimab),

which significantly improved the survival of the patients. In

addition, no significant changes were observed in the renal

lesions, indicating that chemotherapy combined with

immunotherapy could better control renal tumor growth.

Therefore, for MPMs, first, it is necessary to identify the

lesion in the formulation of the treatment, and give priority to

the tumor with a higher degree of malignancy, while taking
FIGURE 7

Changes in tumor marker content. Cytokeratin 19 fragment, CEA, CA125 and NSE were abnormally increased before treatment, after 2 courses
of treatment, cytokeratin 19 fragment and NSE decreased significantly. After 6 courses of treatment, CEA and CA125 also decreased significantly.
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into account the other tumor. Second, for NSCLC with KRAS

mutation and RCCC with relatively low malignancy, despite

negative PD-L1 expression, albumin-bound paclitaxel and

platinum chemotherapy combined with PD-1 monoclonal

antibody immunotherapy is an effective treatment option.
Frontiers in Immunology 08
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FIGURE 8

Changes of peripheral blood inflammatory indexes. The content of ANC, CRP and the ratio of NRL gradually decreased after treatment.
FIGURE 9

Changes in the proportion of T cells in peripheral blood. With the treatment progressed, the content of CD3+ and CD3+CD4+ increased until
the end of 6 courses of treatment.
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