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tumors. In addition to reducing drug-related adverse events, this technology has
advantages in activating tumor immunity.
Clinical Trial Registration: https://clinicaltrials.gov/, identi�er: NCT03755739.
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Introduction

Chemotherapy or radiotherapy is a main option for patients
with R/R solid tumors, who usually have a poor prognosis with a
median overall survival (mOS) period of 10–12 months (1). The
application of immune checkpoint inhibitors (ICIs) improved
tumor outcomes. Compared with chemotherapy alone, adding
immunotherapy to the initial treatment of advanced and
metastatic malignant tumors such as endometrial cancer can
prolong the overall survival (OS) (2). However, the majority of
patients responded poorly to immunotherapy, falling short of
expected results (3).

CTLA-4 is believed to regulate T cell maturation and
proliferation in the early stages of immune response (mainly in
lymph nodes) and PD-1 inhibits T cells function in the later stages
of immune response (mainly in peripheral tissues) (4). A clinical
trial demonstrated that the combination of nivolumab (a PD1
inhibitor) plus ipilimumab (a CTLA4 inhibitor) increased the 5-
year survival rate compared to chemotherapy for metastatic non-
small cell lung cancer (mNSCLC) (5). This combination also
improved median event-free survival (EFS) and pathologic
complete response rates of resectable NSCLC (6). Another study
suggests that the combination of CTLA-4 and PD-1 blockade can
reverse the primary resistance to PD-1 blockade therapy in some
patients (7). The combination of CTLA-4 and PD-1 inhibitors may
induce greater T cell proliferation and reduce regulatory T (Treg)-
mediated immunosuppression. This complementary mechanism is
capable of improving clinical outcomes in patients with diverse
types of cancer (8).

Although the double-ICI combinations have exhibited
promising therapeutic ef�cacy, they are accompanied by a higher
incidence of toxicity compared with single-agent immunotherapy
(9, 10). For CTLA-4 inhibitors via intravenous route, 60-65% of
patients experienced widespread immune-related adverse events
(irAEs) in previous clinical studies (11). The combination of CTLA-
4 and PD-1 inhibitors achieved a higher risk of irAEs of 95.5% (12).
Such combination also leads to an increased incidence of severe
adverse events (SAE) and a higher rate of drug discontinuation (13).
Combination therapy requires a safer route of administration.
Directly injecting drugs into tumors can obtain high
concentrations of immunostimulatory products in situ by using a
02
small dosage of drugs, while also compensating for the serious
systemic exposure and off-target toxicity caused by intravenous
administration (11).

In this study, we design a proof-of-concept treatment strategy:
intratumor injection guided by CT scanning for delivery of PD-1 or
PD-L1 inhibitor plus CTLA-4 inhibitor to initiate or reinitiate a
better and safer anti-tumor immune system. Among patients with
advanced solid tumors in our center treated with this strategy, some
patients achieved better results. We reported the application of this
combination in four patients who all achieved complete response
(CR) with longer survival.
Case report

Patient 1 was a 42-year-old female who was diagnosed with
buccal mucosal squamous cell carcinoma (SCC) in August 2015.
She initially found a �rm ulcerated mass 2x1cm in size in the
posterior left buccal mucosa, 2 leukoplakia lesions about 0.5 cm in
sizes in the left buccal mucosa 5 cm away from the ulcerated mass
and a 1 cm leukoplakia of the right buccal mucosa. Biopsy
pathology in September 2015 showed carcinoma in situ on the 2
leukoplakia lesions of the left buccal mucosa and then surgery was
performed in October 2015 with wide local excision of all the lesions
on both buccal mucosae. All margins of excisions were negative and
no lymph nodes were dissected in the surgery. Post resection
pathological staging was squamous cell carcinoma in situ
(TisN0M0) on the left buccal mucosa and the leukoplakia lesion
on right buccal mucosa was precancerous dysplasia with chronic
in�ammation. The patient had a recurrent SCC of the right buccal
mucosa in March 2019, which prompted second surgery with wide
local excision without local lymph node dissection. Its pathology
indicated SCC in situ (TisN0M0) with partly heavy dysplasia and
partial margin presented mild-heavy dysplasia. However, in May
2019, right cheek nodules adjacent to the excision site tested
positive for recurrent SCC on biopsy at an USA hospital; a lower
gingiva lesion was suspected but not con�rmed on enhanced MRI.
The patient had undergone oral cavity composite lesion resection
(including right buccal mucosa and marginal mandibulectomy),
right neck lymph nodes dissection (levels 1-3), dental extractions
(teeth #2, 3, 30, 31), and biopsy of a raised lesion in lower anterior
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gingiva midline at the USA hospital. The pathology reported SCC of
a �rm ulcerated mass in the posterior right buccal mucosa, raised
lesions of right oral commissure and lower anterior gingiva midline,
and a leukoplakia of the left buccal mucosa, with pathological
staging as pT3(m)N0M0. In October 2019, she returned Shanghai
and underwent surgical removal of the lower anterior gingival mass.
Radiotherapy and chemotherapy would be the next steps, but the
patient refused due to the limited ef�cacy and irreversible damage
to oral function considered by several oncologists consulted. In
December 2019, based on positive PD-L1 expression (TPS>50%),
she initiated intravenous sintilizumab (a PD-1 monoclonal
antibody, 200mg every 21–29 days) (Figure 1A). During 6 times
immunotherapy, the tumor marker CA242 did not show signi�cant
changes (from 37 to 43 u/ml). But she developed grade 3 immune-
related mucosal in�ammation and enteritis per CTCAE v5.0
criteria, leading to treatment discontinuation in April 2020. In
order to continue receiving immunotherapy, she participated in our
trail. Upon enrollment, oral mucosa examination revealed multiple
white spots and a lower gingiva mass (Figure 1B). Tumor marker of
CA125 and CA199 was slightly increased. Given her prior response
to immunotherapy, we opted for intratumoral delivery of
pembrolizumab (a PD1 inhibitor) plus ipilimumab every 3 weeks
via oral tumor submucosal injection. After four treatments, her
tumor marker CA-242 normalized from 41.0 to 16.1 U/mL (normal
range: 0–29.0 U/mL), while CA199 decreased from 64.5 U/mL to
40.0 U/mL (normal range: < 35 U/mL) and remained slightly above
the upper limit of normal, which may be associated with her history
of hepatitis (HBV infection). The cheek and gingival lesions
completely resolved (Figure 1C). As of the January 9, 2025,
enhanced MRI showed no evidence of recurrence. Treatment-
related adverse events (TRAEs) included grade 1–2 fever, elevated
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alkaline phosphatase, fatigue, hair loss, dry mouth, and puncture
site swelling/pain. As of October 17, 2025, her OS and PFS were
65.70 months and 59.77 months, respectively.

Patient 2, a 39-year-old male was diagnosed with SCC of the
right tongue in August 2018. He underwent primary tumor
resection with skin �ap repair and right neck lymph node
dissection, with post resection pathological staging as pT3N0M0.
In June 2020, a tumor recurred in his �oor of the mouth and
residual left tongue by MRI, followed by wide local excision (entire
tongue, �oor of mouth, partial mandible), bilateral neck lymph
nodes dissection, and skin �ap repair. Post surgical pathology
con�rmed recurrent SCC with nerve invasion, left neck level I/II
lymph node metastasis, and negative surgical margins,
pathologically staging as pT4N2M0. Post operation, he received
four cycles of chemotherapy (albumin paclitaxel + nedaplatin)
combined with nivolumab. In February 2021, right cervical lymph
node metastasis was detected; biopsy-con�rmed metastatic cancer
prompted a third neck lymph node dissection. Then he completed
four cycles of chemotherapy (cisplatin + albumin paclitaxel)
combined with pembrolizumab and cetuximab (an EGFR
monoclonal antibody) (Figure 2A). Despite treatment, disease
progressed rapidly, with December 2021 PET-CT revealing an
upper mediastinal metastatic lesion (Figure 2B). Given the
ineffectiveness of his previous treatment, he enrolled in our trial
on October 18, 2021. PD-L1 test in our center show TPS as 3%.
Under CT guidance, durvalumab (a PD-L1 inhibitor) plus
ipilimumab were injected into the mediastinal tumor through a
�ne needle (Figure 2C). 2 treatments were administered. Follow-up
CT scans at 10 days, 1 month, and 12 months showed gradual lesion
shrinkage (Figure 2D), and August 2023 PET-CT con�rmed no
residual tumor activity (Figure 2E). On March 19, 2025, an
FIGURE 1

Illustration of the treatment process of combination therapy for Patient 1. (A) The treatment timeline for Patient 1 is outlined, showing the
progression from initial conditions to post-treatment outcomes. (B) Prior to treatment, the patient exhibited multiple white patches in the mouth,
along with a noticeable lump in the lower gums. The white patches and lump in the lower gums is indicated by the red arrow. (C) Following
treatment with combination of 4ml pembrolizumab and 5ml ipilimumab, both the mucosal leukoplakia and gingival mass disappeared in the patient.
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enhanced CT suggested tumor negative result. TRAEs included
grade 3 lymphopenia and grade 1–2 leukopenia, hypothyroidism
(according to CTCAE v5.0). As of October 17, 2025, his OS and PFS
were 47.97 months and 27.23 months, respectively.

Patient 3, a 56-year-old male was diagnosed with right small cell
lung cancer (SCLC) (cT4N2M1a) in May 2020. Initial antibiotic
treatment for suspected severe infection was followed by chest CT,
which revealed a huge right lung mass with right lung metastases,
ipsilateral mediastinal and right hilum lymph node metastases,
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pericardial metastases, and malignant chest cavity effusion. In
June 2020, broncho�beroscopic biopsy con�rmed right lung small
cell carcinoma and PD-L1 expression was negative by IHC. He
initiated chemotherapy (etoposide + lobaplatin + albumin
paclitaxel) and immunotherapy (atezolizumab, a PD-L1 inhibitor)
in June 2020 for one time and stopped due to poor physical
condition and rapid tumor progression (Figure 3A). Despite the
rapid progression of his disease, he maintained a strong desire for
treatment and was therefore recruited into the study in July 2020.
FIGURE 2

Treatment process of combination therapy for Patient 2. (A) Overview of the treatment timeline. (B) Prior to inclusion in clinical trials, PET-CT from
external hospitals showed a metastasis between the right up lung and mediastinum with hypermetabolism. The tumor is indicated by the red arrow.
(C) Intratumoral administration �rst involved using a Chiba needle to puncture the mediastinal tumor under CT guidance. An interventional
radiologist determined the puncture point and path. In order to clarify the distribution of the injected drugs, contrast agent was added to the
combination of 5ml durvalumab and 5ml ipilimumab, which presents as high density in CT. The needle is pointed out with blue arrow, and drug
diffusion region is highlighted with red circle. (D) Enhanced CT image revealing mediastinal metastasis. Follow-up CT scans at 10 days, 1 month, and
12 months from baseline showed a disappearance of the lesion with no need to do further treatment. The tumor is indicated by the red arrow.
(E) On August 11, 2023, PET-CT showed the tumor had disappeared with no signi�cant activity.
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