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Purpose

This study determined the efficacy of low-dose gemcitabine combined with programmed death-1 (PD-1) inhibitors for treating multiple malignancies, providing a cost-effective and safe treatment option.



Study Design

This study included 61 patients with advanced solid tumors treated with low-dose gemcitabine combined with PD-1 inhibitors at the Henan Cancer Hospital between January 2018 and February 2022. We retrospectively reviewed medical records to evaluate several clinical factors, including progression-free survival (PFS), overall survival (OS), adverse effects (AEs), and objective response to treatment.



Results

Sixty-one patients received treatment with low-dose gemcitabine combined with PD-1 inhibitors. The objective response rate (ORR) was 29.5% and the disease control rate (DCR) was 62.3%. The median PFS was 4.3 months (95% confidence interval, 2.3 to 6.3 months) and the median OS was 15.0 months (95% confidence interval, 8.8 to 21.2 months). Hematological toxicity, mainly leukopenia or thrombocytopenia, was the most common AE, with any-grade and grade 3/4 hematological toxicity reported in 60.7 and 13.1% of patients, respectively.



Conclusions

Low-dose gemcitabine combined with PD-1 inhibitors may offer a novel treatment option for patients with advanced malignancies.
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Introduction

The advent of immune checkpoint inhibitors (ICIs) has driven the progress of tumor therapy, transformed the treatment landscape of multiple tumor types and provided clinicians with new therapeutic strategies (1, 2). However, since the overall response rate of ICI therapy is around 20%, only a small proportion of patients benefit from this treatment (3). Recent findings demonstrate that some chemotherapeutics given using specific administration schedules display positive immunological effects that contribute to tumor eradication (4–6). Therefore, there is a growing interest in combining ICIs with chemotherapy to enhance the efficacy of immunotherapy.

In established tumor models, gemcitabine induces tumor cell apoptosis and thereby elicits antitumor immunity by increasing the amount of antigen cross-presentation (7–10). Gemcitabine also enhances CD8+ T cell and natural killer (NK) cell-mediated anti-tumor immunity through depletion of myeloid-derived suppressor cells and regulatory T cells (11). Some preclinical data provide a rationale for combining gemcitabine with ICIs (12, 13); however, the clinical efficacy of gemcitabine combined with ICIs for treating solid tumors is not as expected. For example, in the first-line treatment of advanced non-small-cell lung cancer, progression-free survival (PFS) and overall survival (OS) in patients treated with gemcitabine combined with nivolumab did not increase compared with single drug use (14). In pancreatic ductal adenocarcinoma, gemcitabine plus ipilimumab achieves a similar objective response rate (ORR) to gemcitabine monotherapy (15). The same results were reported in metastatic disease or locoregional nasopharyngeal carcinoma patients treated with camrelizumab (SHR-1210) along with gemcitabine (16).

Multiple factors may contribute to the lack of a significant increase in the efficacy of combination therapy. Among them, the decrease in the number and quality of T cells caused by standard-dose gemcitabine may be an important factor (17). Anti-PD-1 monotherapy efficacy is limited by the number and specificity of tumor-directed T cells, and defects in either will lead to an inability to reach a critical threshold to elicit immune infiltration, especially for tumors with low mutational burdens (18). To alleviate these adverse effects on T cells, researchers have begun exploring the effect of low-dose gemcitabine in anti-tumor immunity, and investigations into the combination of low-dose gemcitabine and PD-1 for treating tumors are underway. There is some evidence that tumors exposed to low-dose gemcitabine secrete interferons that can help mature dendritic cells, which ultimately enhance T-cell responses (19). Additionally, low-dose gemcitabine selectively inhibits tumor-associated myeloid-derived suppressor cells in mice bearing 4T1 mammary carcinomas, which is beneficial to the amplification of tumor-targeting T cells (20). Moreover, a systematic review revealed that, compared with standard-dose infusion for gemcitabine, prolonged low-dose infusion is an effective and well-tolerated regimen for multiple solid tumors (21).

These data provide a strong rationale for the use of a regimen including low-dose gemcitabine along with inhibitors of the PD-1 pathway. Thus, we hypothesized that the combination of low-dose gemcitabine with PD-1 inhibitors would improve the response rate to ICI therapy and reduce the incidence of adverse reactions.



Methods


Research Subjects

This study retrospectively analyzed patients who received low-dose gemcitabine combined with PD-1 inhibitors in the Department of Immunotherapy, Henan Cancer Hospital, China, between January 2018 and February 2022. The follow-up was completed by 21 April 2022. Patients with advanced solid tumors that could not be resected or had metastasized were included in this study; patients were either untreated or experienced failure of standard care, predominantly for lung, hepatobiliary, pancreatic, cervical, breast, urinary carcinoma, or sarcoma. Sixty-one cases were selected based on complete baseline data (Table 1).


Table 1 | Patient demographic information and baseline characteristics.





Study Design and Treatment

All patients received an intravenous infusion of gemcitabine at a dose of 500 mg/m2 on days 1 and 8 every 3 weeks. PD-1 inhibitors were applied on the first day of gemcitabine infusion. PD-1 inhibitors included pembrolizumab, nivolumab, sintilimab, toripalimab, camrelizumab, and tislelizumab, infused once every 3 weeks at the standard dose prescribed by the physician.



Response Assessment

Imaging examinations were conducted at baseline, and immune-related response criteria (irRC) were used every 6 weeks for response evaluation. For those who achieved a response or stable disease, study treatment was continued, and the response was evaluated using imaging every 6 weeks until disease progression or unacceptable toxicity.



Safety Assessments

Baseline and screening assessments include medical history and a complete physical examination. Laboratory tests included a complete blood count, myocardial zymography, amylase, lipase, and thyroid-stimulating hormone level. Imaging examinations included computed tomography, magnetic resonance imaging, and positron emission tomography. Safety assessments were performed before each combination immunotherapy, namely, monitoring and recording of all AEs, routine laboratory tests, medical history, and physical examination.



Immune Cell Assays

Whole peripheral blood samples from patients were collected and prepared using a stain-lyse-no-wash procedure to generate fluorescently-linked CD3, CD4, and CD8-labeled leukocytes using CD19, CD45, CD16, and CD56 antibodies (BD multitest 6-color TBNK reagent). Absolute lymphocyte counts and subset percentages were calculated by BD FACSCanto software. The absolute number (cells/µl) of positive cells was determined by comparing cellular events to bead events. The percentages of subsets were obtained by gating the lymphocyte populations.



Statistical Analysis

PFS was defined as the time from the start of treatment to disease progression, death, or last follow-up. OS was defined as the time from the start of treatment to the last follow-up or death. Response assessments were displayed using waterfall plots; PFS and OS were estimated using Kaplan–Meier calculations by R 3.6.1. Multivariate analysis of PFS and OS was performed using Cox proportional hazards models in R 3.6.1. The data of immune parameters, calculated as mean ± standard deviation, were analyzed by IBM SPSS statistics 21. Student’s t-test and ANOVA were applied to determine statistically significant differences (P <0.05) between groups.




Results


Patient Characteristics

In total, there were 21 (34.4%) female and 40 (65.6%) male patients. The median patient age was 60 (50–65) years, and the median number of courses of treatment with low-dose gemcitabine combined with a PD-1 inhibitor was 3 (1–11). Forty-two patients (68.9%) had an ECOG score <2 and 19 patients (31.1%) had a score ≥2. Of those, 51 (83.6%) patients had stage IV disease; the others were stage III. Forty-nine (80.3%) had received previous local therapy, 23 had undergone surgery, and 27 had received radiation therapy. Low-dose gemcitabine combined with a PD-1 inhibitor was administered as first-line therapy in 9 patients (14.8%). A total of 44 patients (72.1%) were receiving immunotherapy for the first time, and 17 (27.9%) had received previous immunotherapy. The 30 lung tumors included 8 squamous carcinomas, 11 adenocarcinomas, 1 adenosquamous carcinoma, and 10 small-cell carcinomas. The 8 hepatobiliary pancreatic tumors included 1 hepatocellular carcinoma, 1 hepatic adenocarcinoma, 1 intrahepatic cholangiocarcinoma, 3 gallbladder cancers, and 2 pancreatic cancers. The 5 cervical tumors included 4 squamous carcinomas and 1 adenocarcinoma. The 6 urologic tumors included 1 renal adenocarcinoma, 4 urothelial carcinomas, and 1 bladder cancer. The 7 sarcomas were 2 cases on the back, 1 osteosarcoma, 1 pelvic fibrosarcoma, 1 mandibular gingival epithelioid angiosarcoma, 1 small cell synovial sarcoma of the small intestine, and 1 esophageal sarcomatoid carcinoma. Two invasive ductal breast cancer patients were molecularly classified as Luminal B: one with lung and brain metastases, and the other with liver, spleen, and bone metastases. There was one patient with esophageal squamous cell carcinoma, one patient with gingival squamous cell carcinoma, and one patient with adenocarcinoma of unknown primary. The basic information for all patients is shown in Table 1.



Therapy Response

We retrospectively evaluated the treatment responses of all patients. Eighteen (29.5%) achieved a partial response (PR), 20 (32.8%) had a response rated stable disease (SD), and the remaining 23 (37.7%) had progressive disease (PD), yielding an ORR of 29.5% and a disease control rate (DCR) of 62.3%. The median PFS of the 61 patients was 4.3 months (95% CI 2.3–6.3) and the median OS was 15.0 months (95% CI 8.8–21.2) (Figure 1). Treatment effects for patients with each cancer type are shown in Table 2. Among the 9 pathological types of tumors we observed, cervical and urologic tumors had the best treatment response, with 60 and 100% DCR, respectively. Two patients had invasive ductal carcinoma of the breast. One (with a response of PR) had a disease remission time of 46.1 months as of the end of follow-up, and the other (with a response of PD) had a PFS of 1.5 months and an OS of 4.4 months. One patient with esophageal squamous cell carcinoma, who was lost to follow-up, had SD without an exact survival status. One patient with gingival squamous cell carcinoma had PD, with a PFS of 1.5 months and an OS of 4.8 months. One patient with adenocarcinoma of unknown primary had a response of PR, with PFS and OS of 8.3 months, and died of cachexia. Waterfall plots showing the magnitude of change in tumor mass from baseline in response to optimal immune combination therapy in all patients are shown in Figure 2.




Figure 1 | Kaplan–Meier estimates of progression-free survival and overall survival. (A) Kaplan–Meier estimates of progression-free survival in all patients; (B) Kaplan–Meier estimates of overall survival in all patients. (C) Kaplan–Meier estimates of progression-free survival for different cancer types with at least 3 patients in each group. (D) Kaplan–Meier estimates of overall survival in the groups described in (C).




Table 2 | Response and survival data.







Figure 2 | Waterfall plot showing best responses by immune-related response criteria. The best change from baseline as the sum of longest target lesion diameter per patient is shown.





Risk Factor Analysis

According to the Kaplan–Meier method, we analyzed 7 risk factors for association with patient survival: gender, ECOG performance score, disease stage, previous surgical history, previous radiation therapy history, previous treatment cycle, and previous PD-1 inhibitor therapy history. In terms of outcomes, only ECOG score was a moderate influencing factor for both PFS and OS (P = 0.011, P = 0.003) among all factors (Figure 3). The disease stage had no statistical impact on patient survival time (Supplementary Figure 1). Cox multivariate regression analysis identified ECOG ≥2 as a prognostic factor in patients with advanced tumors who received this combination immunotherapy regimen for either PFS (HR = 2.57, 95% CI 1.24–5.32, P = 0.011) or OS (HR = 5.44, 95% CI 2.19–13.47, P = 0.000) (Figure 4).




Figure 3 | Kaplan–Meier estimates of ECOG 0–1 and ECOG ≥2 patients. (A) Kaplan–Meier estimates of progression-free survival; (B) Kaplan–Meier estimates of overall survival.






Figure 4 | Risk factor analysis by Kaplan-Meier calculations and Cox proportional hazards models. (A) PFS and corresponding hazard ratios at different risk factors in all patients. (B) OS and corresponding hazard ratios at different risk factors in all patients.





Immune Parameters

We analyzed the association of various pre-treatment lymphocyte subsets in peripheral blood with treatment efficacy, dividing patients into PR, SD, and PD groups. We evaluated absolute T lymphocyte count, absolute CD3+CD4+ lymphocyte count, absolute CD3+CD8+ lymphocyte count, percentage of regulatory T cells, absolute B lymphocyte count, percentage of B lymphocytes, and absolute NK cell count before treatment in both groups. No significant differences in any of these immune parameters before treatment between groups were found (P >0.05) (Supplementary Figure 2). We also examined the levels of immune cells before and after combination therapy to verify that low-dose gemcitabine did not decrease lymphocyte numbers. The results showed that the total number of T cells, B cells, and NK cells did not change significantly before and after the combination therapy was applied (Supplementary Figure 3).



Safety

Treatment-related AEs are summarized in Table 3. The most common AE in the 61 patients was hematologic toxicity (60.7%), mainly leukopenia or thrombocytopenia. AEs occurring in ≥10% of patients were fever/chills (14.8%) and aspartate aminotransferase (AST)/alanine aminotransferase (ALT) elevation (11.4%); fever often presented as hyperpyrexia, appearing on the day of administration. Other AEs included fatigue/anorexia (6.5%), creatinine increase (6.5%), thyroid dysfunction (6.5%), hyperglycemia (3.2%), pancreatic enzyme elevation (3.3%), skin reaction (1.6%), pneumonia (1.6%), colitis (1.6%), and neurotoxicity (1.6%). A total of 17 (27.9%) patients experienced grade 3 or 4 AEs, including 4 (6.6%) who developed grade 3 leukopenia, 4 (6.6%) who developed grade 3 thrombocytopenia, 2 (3.3%) who developed serious pulmonary or abdominal infections and died, and 4 (6.6%) who presented with hyperthermia. The other 3 patients suffered from increased-grade 3 creatinine elevation, grade 3 hyperglycemia, and grade 3 pneumonia, respectively (1.6%). None of the patients developed myositis or myocarditis (Table 3).


Table 3 | Treatment-related adverse events classified by grade.






Discussion

Our study demonstrates that the use of low-dose gemcitabine along with a PD-1 inhibitor is safe and feasible in patients with advanced solid malignancies and results in an impressive 29.5% ORR and 62.3% DCR. The median PFS was 4.3 months and the median OS was 15.0 months.

Parikh et al. (22) suggested pembrolizumab along with standard dose gemcitabine as a second or third-line therapy in patients with advanced or metastatic UC had an ORR of 33%, DCR of 50%, and median PFS of 3.7 months. In the IMvigor130 study, patients with metastatic UC received first-line atezolizumab plus platinum chemotherapy (1,000 mg/m2), gemcitabine plus carboplatin or cisplatin, and obtained a median PFS of 8.2 months and a median OS of 16.0 months (23). In our study, ORR and DCR in patients with urothelial carcinoma were 33 and 100%, respectively, and the median PFS and OS were 24.0 and 32.9 months, respectively. These data suggest that a higher response rate may be achieved with low-dose, rather than standard-dose, gemcitabine plus a PD1 inhibitor. For cervical cancer, the phase II NCT02257528/NRG-GY002 trial evaluated the efficacy and safety of nivolumab in 26 persistent or recurrent patients. In that trial, the ORR was only 4%, and the estimated PFS and OS at 6.0 months were 16 and 78.4%, respectively (24). In our study, ORR in patients with cervical cancer was 60%; median PFS and OS were 6.8 and 14.7 months, respectively; these results suggest that the efficacy of ICIs combined with chemotherapy is much better than that of single-agent ICIs.

Different doses of gemcitabine have different effects on peripheral lymphocytes. In a mouse model, gemcitabine at high doses resulted in complete reductions in CD4+, CD8+, and B220+ cell numbers (25), whereas low doses selectively reduced myeloid-derived suppressor cell levels without affecting lymphocyte counts (20). In a clinical setting, gemcitabine caused statistically significant decreases in the absolute numbers of CD3 and CD20 lymphocytes when administered in routine doses (26). Unlike in other studies, the chemotherapy drug gemcitabine used in our study was administered at a lower dose; the results showed that this dose did not affect the absolute numbers of T, B, and NK cells (Supplementary Figure 3). The regimen proposed here does not reduce the number of lymphocytes; ensuring sufficient immune cells may be an important reason why the combined regimen can exert a superior therapeutic effect.

In our previous study, we found that elevated B-cell levels in the peripheral blood were associated with poor prognosis of anti-PD-1-based immunotherapy, which indicates that B cells may affect the efficacy of immunotherapy with PD-1 inhibitors (27). To evaluate whether there is a correlation between B cells and the efficacy of combination therapy, we detected pre-treatment levels of various lymphocytes, including B cells, in patients within the PR, SD, and PR groups; however, no significant differences were observed (Supplementary Figure 2), suggesting that in addition to B cells, other factors can also affect the efficacy of immunotherapy.

Our study has several limitations: first, the retrospective design may have permitted selection bias; second, the non-interventional design may have led to heterogeneity in patient management and poor data quality; third, the heterogeneity of tumor types and small numbers for each type of tumor limits the conclusions that can be drawn for a given tumor type (but, the larger sample size was valuable for stratified analysis to identify the efficiency of combination therapy, especially for cervical and urologic cancers); fourth, data related to the positive predictive biomarkers for PD-1 inhibitor therapy were not presented because of incomplete baseline data. To address these limitations, we are currently working on a prospective clinical trial on a fixed tumor (NCT04331626) to confirm these findings.



Conclusion

Low-dose gemcitabine combined with PD-1 inhibitors offers a novel option for treatment in patients with advanced malignancies and appears particularly promising for post-operative patients. Our results suggest that patients with urological and cervical cancers benefit significantly and that this specific combination therapy is well tolerated. Future studies with larger sample sizes will help further verify these results.
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Supplementary Figure 1 | Kaplan–Meier estimates of III and IV disease stage patients. (A) Kaplan–Meier estimates of progression-free survival; (B) Kaplan–Meier estimates of overall survival.

Supplementary Figure 2 | >Immune parameters in PR, SD and PD group. The baseline peripheral blood absolute T lymphocyte count (A), absolute CD3+CD4+ lymphocyte count (B), absolute CD3+CD8+ lymphocyte count (C), percentage of regulatory T cells (D), absolute B lymphocyte count (E), percentage of B lymphocytes (F), absolute NK cell count (G), and percentage of NK cells (H) were compared in each two groups. The data calculated as the means ± standard deviation using IBM SPSS statistics 21, no significant difference in any pre-treatment immune parameters were observed between groups (P > 0.05).

Supplementary Figure 3 | Lymphocyte levels before and after low-dose gemcitabine combined with PD-1 inhibitor treatment. Shown are the total number of T (A), B (B) and NK (C) cells in peripheral blood at the baseline, after 1st cycle treatment and 2nd cycle treatment.
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