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Abstract

Background: A combination of cyclin-dependent kinase 4/6 inhibitors (CDKi) and radio-
therapy (RT) may enhance antitumoral immunity, yet clinical evidence of this interaction in
HR+/HER2— metastatic breast cancer (MBC) remains limited. This study evaluates the
impact of combined CDKi and stereotactic body radiotherapy (SBRT) on immune biomark-
ers and treatment response. Methods: We report a case of a 51-year-old woman with
oligometastatic HR+/HER2— MBC involving the sacrum. Clinical management included
letrozole plus palbociclib and SBRT (30 Gy in 3 fractions). Serial Neutrophil-to-lymphocyte
ratio (NLR) measurements, MRI, and PET-CT scans were used to monitor systemic immune
modulation and treatment efficacy over a five-year period. Results: Baseline NLR was
1.068. Following four weeks of CDKi, NLR decreased by 44.7% (0.591). Post-SBRT, a
further 17.8% reduction was observed (nadir 0.486). Five months post-RT, MRI showed
a volumetric increase in sacral lesions despite clinical improvement. Subsequent PET-CT
demonstrated a complete metabolic response, confirming the MRI findings as pseudopro-
gression. As of January 2026, the patient remains in sustained complete metabolic remission.
Conclusion: The integration of CDKi and SBRT might induce an immune-mediated antitu-
moral response, evidenced by dynamic NLR reductions and radiologic pseudoprogression.
Multimodal imaging is essential to differentiate immune-mediated swelling from true
progression in this setting.

Keywords: breast cancer; CDK4/6; CDK; cyclin; immune response; immunomodulation;
NLR; radiation; radiotherapy; SBRT

1. Introduction

Radiotherapy plays a central role in several aspects of the treatment of metastatic
breast cancer (MBC), as more than half of metastatic patients present bone involvement [1],
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for which palliative radiotherapy might be beneficial. Remarkably, in case of low burden
of disease, stereotactic body radiotherapy (SBRT) might also be beneficial in terms of
survival [2]. Combining radiotherapy with systemic treatment acts as a double-edged
sword: although concomitant administration may improve antitumor efficacy, it could also
increase the risk of toxicity in healthy tissues [3].

Cyclin-dependent kinase 4/6 inhibitors (CDKi) are a cornerstone in the treatment
of MBC [4]. Pre-clinical models suggest that CDKi act as radiosensitizers by impairing
homologous recombination-mediated DNA repair [5,6]. Retrospective clinical data support
this synergy, demonstrating robust local control in metastatic breast cancer, maintaining a
generally manageable safety profile [7-9].

Beyond direct cytotoxicity, both modalities promote an immunostimulatory envi-
ronment. CDKi enhance antigen presentation and interferon production while depleting
regulatory T-cells [10,11], a process that might be complemented by RT immunostimulant
effects. Indeed, tumor irradiation induces apoptotic and immunogenic cell death, promot-
ing neoplastic antigen release and neoantigen formation, enhancing antigen expression, and
inducing the release of pro-inflammatory cytokines and chemokines, ultimately increasing
T-cell infiltration [12,13].

Neutrophil-to-lymphocyte ratio (NLR) has emerged as a significant prognostic marker
for patients undergoing CDKi [14] but has not yet been evaluated in the setting of combined
RT and CDKi.

In this paper we report a case of long-term complete metabolic remission in oligometastatic
hormone receptor—positive (HR+), a HER2-negative breast cancer treated with CDK4/6 in-
hibition and SBRT, highlighting the impact of CDKi and SBRT on NLR and their potential
immunostimulatory effects.

2. Case Report

A premenopausal woman aged 51 presented in August 2013 with a self-detected right
breast mass. Comorbidities included obesity and arterial hypertension. Mammography and
ultrasound imaging revealed a 20 mm spiculated lesion and ipsilateral axillary lym-
phadenopathy. Core biopsy demonstrated grade 2 non-special-type invasive carcinoma
with estrogen receptor (ER) expression of 90%, Ki-67 expression of 20%, and no HER2 ex-
pression (score 0). Axillary cytologic analysis confirmed nodal metastases. Staging PET-CT
identified additional uptake at L3 vertebra, consistent with de novo stage IV disease.

The patient received neoadjuvant epirubicin/cyclophosphamide chemotherapy with
LHRH analog, followed by radiotherapy to L3 vertebra (39 Gy in 13 fractions). Post-treatment
PET-CT demonstrated complete metabolic response in all disease sites. In March 2014, she
underwent quadrantectomy and axillary dissection. Histology revealed a partial response,
confirming a grade 2 NST invasive carcinoma staged ypT2 ypN1a (2/16 positive lymph nodes)
with ER expression 90%, PgR expression 80%, Ki-67 expression 24%, and HER2-negative.
Adjuvant endocrine therapy with tamoxifen plus LHRH analog was started after surgery and
radiotherapy at a dose of 44 Gy in 15 fractions to the right breast, and a 10 Gy sequential boost
to the involved quadrant was completed in September 2014.

The patient continued endocrine therapy and remained disease-free until October 2020,
when a PET-CT was performed due to refractory sacral pain, revealing hypermetabolic
activity in the right side of the sacrum. In December 2020, she underwent a contrast-
enhanced pelvic MRI, which detected a lesion on the sacral side of the right sacroiliac joint
and a faint signal alteration involving the left sacral wing. CT-guided biopsy of the right
sacral lesion, performed in February 2021, demonstrated metastatic breast adenocarcinoma
(ER expression 80%, PgR expression 70%, HER2-negative). The patient underwent a repeat
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pelvic MRI in March 2021 (Figure 1). Following a multidisciplinary review of the imaging,
both sacral lesions were deemed consistent with metastatic disease.

Figure 1. T1 vibe sequence of the baseline pelvic contrast-enhanced MRI performed in March 2021,
demonstrating a lesion in the right ala of the sacrum (red arrow) and a faint signal alteration of the
root of the left sacral wing (green arrow).

On 12 March 2021, the patient started a new line of treatment with letrozole plus palbociclib.
Baseline neutrophil-to-lymphocyte ratio (NLR) before start of treatment was 1.068.
The NLR trend during treatment is presented in Figure 2.
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Figure 2. Trend of neutrophil-to-lymphocyte ratio (NLR), absolute lymphocyte count (ALC, K/uL),
and absolute neutrophil count (ANC, K/uL). Administration of palbociclib is represented as a pill
sign and of radiotherapy (RT) as radiation sign. Date is reported in “Day Month Year” format.
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After four weeks of CDK4/6 inhibition, NLR declined to 0.591, representing a
44.7% reduction from baseline.

Following multidisciplinary discussion, SBRT was administered to the two sacral
lesions involving S1 (30 Gy in 3 fractions, 19-22 April 2021). Two weeks after SBRT, NLR
further decreased to 0.486, corresponding to a 17.8% reduction compared to post-CDKi
start and a 54.5% reduction compared to baseline.

A repeated MRI performed in September 2021 (Figure 3) demonstrated a complete
response of the left sacral lesion and a slight dimensional increase of the lesion in the right
sacral ala from 15 X 12 mm to 15 x 15 mm.

Figure 3. MRI performed in September 2021. The lesion remained T1 hypointense and T2FS hyperintense,
without diffusion restriction. The findings were consistent with treatment-induced pseudoprogression,
but actual progression could not be ruled out.

A PET-CT performed in November 2021 demonstrated complete resolution of FDG
uptake, with no evidence of metabolically active diseases. The discordance between MRI
enlargement and complete metabolic response was interpreted as pseudoprogression.

During the months following SBRT, NLR gradually increased, reaching 1.063 approxi-
mately seven months post-radiotherapy, nearly identical to pre-treatment baseline.

Serial PET-CT scans performed every six months, including the latest in January 2026,
have confirmed sustained complete metabolic response. The patient remains on palbociclib
and letrozole and maintains no evidence of disease (NED) almost five years after RT.

3. Discussion

This case of durable remission in oligometastatic breast cancer highlights the potential
synergy between radiotherapy and CDKi in enhancing the antitumoral immune response.
Beyond their classic mechanism of inducing cell cycle arrest in the G1 phase by
preventing the phosphorylation of the retinoblastoma (Rb) protein, pre-clinical data demon-
strate that CDKi possess significant immunostimulatory activity. This is mediated through
multiple mechanisms, including upregulation of MHC class I expression, suppression of
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regulatory T-cell population, enhanced cytotoxic T-cell activation and interferon pathway
stimulation [10,11]. In previous studies, CDKi significantly reduced neutrophils, Tregs, and
neutrophil-to-lymphocyte ratio [15].

In this case, the early reduction in the NLR from 1.068 to 0.591 one month after CDKi
initiation suggests systemic immune modulation. NLR is a validated prognostic biomarker
in breast cancer, as lower values typically correlate with improved survival and treatment
response. Specifically, in the context of CDK4/6 inhibition, a decreasing NLR has been
associated with better clinical outcomes and a shift toward a more favorable, “inflamed”
tumor microenvironment [16,17].

Radiotherapy may also foster an antitumoral immune response through multiple
mechanisms [12,13]. Fractionated schemes with a high dose per fraction, such as those
used for SBRT, hold increased immunostimulant potential compared to other schedules, as
they can induce immunogenic cell death (ICD). This process releases damage-associated
molecular patterns (DAMPs), activates the cGAS-STING pathway, and promotes dendritic
cell priming [18,19].

In this case, SBRT further reduced the NLR to 0.486 (an additional reduction of 17.8%).
This pattern supports a positive immunogenic interaction where CDKi “primes” the immune
system and SBRT provides the “in situ vaccine” effect through ablative cell death.

Therefore, the combination of the two modalities could potentially improve the anti-
neoplastic response.

As NLR represents the ratio between neutrophil and lymphocyte counts in peripheral
blood, its reduction is not necessarily indicative of immune activation, but may also result
from treatment-induced neutropenia. Nonetheless, in previous series, breast cancer patients
treated with CDKi who developed grade 4 neutropenia had significantly higher baseline
NLR, suggesting that pre-treatment neutrophil count does not confer protection against
neutropenia and thus supporting the role of NLR as a marker of systemic inflammation.
In this case, as shown in Figure 2, lymphocyte count also decreased, albeit less markedly
than neutrophil count. This finding, in conjunction with the observed pseudoprogression
and subsequent durable disease control, suggests a potential immunomodulatory effect.
However, the contribution of neutropenia cannot be completely ruled out.

Five months after SBRT, MRI showed an approximately 25% increase in lesion volumet-
ric product. The presentation was characterized by an absence of diffusion restriction, which
is more suggestive of treatment-induced modifications. Subsequent PET-CT demonstrated
a complete metabolic response, corroborating previous MRI findings as representative
of pseudoprogression. This also highlights the importance of multimodality imaging in
discriminating pseudoprogression from actual disease progression [20].

Pseudoprogression is a clinical phenomenon where a tumor appears to increase in size
or new lesions appear on imaging, followed by a subsequent decrease in tumor burden.
This is not representative of treatment failure but rather reflects the recruitment of immune
cells (such as T-lymphocytes and macrophages), localized edema, and stromal remodeling
within the tumor site [21].

While pseudoprogression is a well-described hallmark of immune checkpoint inhibitor
therapy, it is less frequently reported in HR+/HER2— breast cancer treated with endocrine
therapy and CDKi [22,23].

A key limitation that remains is the uncertainty of how pseudoprogression should guide
clinical practice, though it must be considered when combining SBRT and CDKi to ensure
accurate response assessment, as well as to prevent premature treatment discontinuation.

While SBRT can induce long-term control as a single modality, the initial reduction
in NLR after palbociclib and the further decrease after RT suggest that both treatments
exerted an immunomodulatory effect that might have contributed to the durable remission.
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As NLR is a ratio between neutrophil and lymphocyte counts in peripheral blood,
its reduction is not necessarily due to immune activation but can also be determined
by treatment-induced neutropenia. Nonetheless, in previous series [24], breast cancer
patients treated with CDKi who developed grade 4 neutropenia had significantly higher
baseline NLR, suggesting that pre-treatment neutrophil count has no protective effect
against neutropenia and confirming NLR as a marker of an inflammatory state.

In this case, as shown in Figure 2, lymphocyte count was also reduced, albeit less
markedly than neutrophil count. This, in conjunction with the pseudoprogression and
subsequent lasting control, suggests an immunomodulatory effect. Nonetheless, the impact
of neutropenia could not be completely ruled out.

Notably, the NLR nadir preceded these imaging changes, and normalization occurred
months later as immune equilibrium was restored. Despite the NLR returning to baseline,
durable remission persisted, suggesting that early dynamic shifts reflecting the activation
phase of the immune system may be more prognostically informative than steady-state values.

Radiotherapy demonstrated high efficacy in pre-treated patients as well [25], and this
case also confirms the possibility of complete response and long lasting disease control of
SBRT in the metastatic setting.

While the predictive value of NLR in guiding clinical decision-making is not yet
established, its role as a biomarker is under active investigation. An ongoing multicenter
trial is evaluating NLR trends in patients with metastatic breast cancer treated with CDKi
and radiotherapy, aiming to clarify the impact of systemic inflammatory markers on
treatment outcomes.

4. Conclusions

This case supports the hypothesis that selected oligometastatic patients may achieve
prolonged control when local ablative therapy is combined with immune-modulating
systemic agents. The integration of CDK4/6 inhibition and metastasis-directed SBRT led to
a reduction in NLR, suggesting an immunomodulating activity, coherently with previous
pre-clinical and preliminary clinical experiences. This was confirmed by radiologic pseu-
doprogression of the irradiated sites, followed by sustained metabolic complete response,
underscoring the importance of multimodal imaging and the awareness of immune-related
phenomena in breast cancer.

Author Contributions: Conceptualization, A.E.G., S.P., A.C., M.M., EM.; methodology, AE.G., S.P,
M.L.B,, L.T,, L.N., M.B.d.M.e.B.; validation, A.E.G., S.P.,, M.L.B., L.N., L.T.,, M.B.d.M.e.B.; formal
analysis, A.E.G.,S.P, MM, EM,, LP, G.C,, M.L.B,, L.T.,, M.B.d.M.e.B; investigation, A.E.G., S.P,
AC.,MM., EM,LP,G.C,PB,GF,CV,MLB., LN, LT, MB.dM.e.B,; data curation, A.E.G.,
SP,AC,MM,EM,LP,G.C,PB,GFE,CV, MLB, LT, M.B.dM.e.B.; writing—original draft
preparation, A.E.G.,S.P., A.C., MM, EM,, LP, G.C,, M.LB,, L.T.,, M.B.d.M.e.B.; writing—review
and editing, AE.G,SP,AC, MM, EM, LP,GC,PB,GE,CV,MLB, LN, LT, MB.dM.eB,;
supervision, A.E.G., S.P, M.L.B,, L.T.,, M.B.d. M.e.B. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Comitato Etico Territoriale Lombardia
6 (protocol code NP 6343, date of approval 20 May 2025).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

https://doi.org/10.3390 /immuno6020040


https://doi.org/10.3390/immuno6020040

Immuno 2026, 6, 40 70f8

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Coleman, R.E. Clinical features of metastatic bone disease and risk of skeletal morbidity. Clin. Cancer Res. 2006, 12, 6243s—6249s.
[CrossRef]

Budach, W. Radiotherapy in patients with metastatic breast cancer. Eur. J. Cancer 2011, 47, S23-527. [CrossRef]

Jutzy, ] M.; Lemons, ].M.; Luke, ].].; Chmura, S.]. The Evolution of Radiation Therapy in Metastatic Breast Cancer: From Local
Therapy to Systemic Agent. Int. |. Breast Cancer 2018, 2018, 4786819. [CrossRef]

Piezzo, M.; Cocco, S.; Caputo, R.; Cianniello, D.; Gioia, G.D.; Lauro, V.D.; Fusco, G.; Martinelli, C.; Nuzzo, F,; Pensabene, M.; et al.
Targeting Cell Cycle in Breast Cancer: CDK4/6 Inhibitors. Int. ]. Mol. Sci. 2020, 21, 6479. [CrossRef]

Pesch, A.M.; Hirsh, N.H.; Chandler, B.C.; Michmerhuizen, A.R.; Ritter, C.L.; Androsiglio, M.P.; Wilder-Romans, K.; Liu, M.;
Gersch, C.L.; Larios, ].M.; et al. Short-term CDK4/6 Inhibition Radiosensitizes Estrogen Receptor-Positive Breast Cancers. Clin.
Cancer Res. 2020, 26, 6568-6580. [CrossRef] [PubMed]

Pesch, A.M.; Hirsh, N.H.; Michmerhuizen, A.R.; Jungles, KM.; Wilder-Romans, K.; Chandler, B.C.; Liu, M.; Lerner, L.M.; Nino,
C.A.; Ward, C,; et al. RB expression confers sensitivity to CDK4/6 inhibitor-mediated radiosensitization across breast cancer
subtypes. JCI Insight 2022, 7, €154402. [CrossRef] [PubMed]

Guerini, A.E.; Pedretti, S.; Salah, E.; Simoncini, E.L.; Maddalo, M.; Pegurri, L.; Pedersini, R.; Vassalli, L.; Pasinetti, N.; Peretto, G.;
et al. A single-center retrospective safety analysis of cyclin-dependent kinase 4/6 inhibitors concurrent with radiation therapy in
metastatic breast cancer patients. Sci. Rep. 2020, 10, 13589. [CrossRef]

Visani, L.; Livi, L.; Ratosa, I.; Orazem, M.; Ribnikar, D.; Saieva, C.; Becherini, C.; Salvestrini, V.; Scoccimarro, E.; Valzano, M.; et al.
Safety of CDK4/6 inhibitors and concomitant radiation therapy in patients affected by metastatic breast cancer. Radiother. Oncol.
2022, 177,40-45. [CrossRef]

Al-Rashdan, A.; Quirk, S.; Roumeliotis, M.; Abedin, T.; Amaro, C.P.; Barbera, L.; Lupichuk, S.; Cao, ].Q. Radiation Therapy With
Cyclin-Dependent Kinase 4/6 Inhibitors: A Multi-institutional Safety and Toxicity Study. Int. J. Radiat. Oncol. Biol. Phys. 2022,
114, 399-408. [CrossRef]

Goel, S.; DeCristo, M.].; Watt, A.C.; BrinJones, H.; Sceneay, ].; Li, B.B.; Khan, N.; Ubellacker, ].M.; Xie, S.; Metzger-Filho, O.; et al.
CDK4/6 inhibition triggers anti-tumour immunity. Nature 2017, 548, 471-475. [CrossRef]

Scirocchi, F,; Scagnoli, S.; Botticelli, A.; Di Filippo, A.; Napoletano, C.; Zizzari, 1.G.; Strigari, L.; Tomao, S.; Cortesi, E.; Rughetti, A.;
et al. Immune effects of CDK4/6 inhibitors in patients with HR* /HER2™ metastatic breast cancer: Relief from immunosuppression
is associated with clinical response. eBioMedicine 2022, 79, 104010. [CrossRef]

Guerini, A.E,; Filippi, A.R,; Tucci, A.; Simontacchi, G.; Re, A.; Guaineri, A.; Morelli, V.; Borghetti, P; Triggiani, L.; Pegurri, L.; et al.
“Le Roi est mort, vive le Roi’: New Roles of Radiotherapy in the Treatment of Lymphomas in Combination With Immunotherapy.
Clin. Lymphoma Myeloma Leuk. 2022, 22, e135-e148. [CrossRef]

Vucini¢, D.; Bukovica Petrc, A.M.; Antonci¢, I.; Kolak Radoj¢i¢, M.; Leki¢, M.; Coufiago, F. Radiogenomics of Stereotactic
Radiotherapy: Genetic Mechanisms Underlying Radiosensitivity, Resistance, and Immune Response. Genes 2025, 16, 732.
[CrossRef] [PubMed]

Zattarin, E.; Fabbroni, C.; Ligorio, F; Marra, A.; Corti, C.; Bernocchi, O.; Sirico, M.; Generali, D.; Curigliano, G.; Bianchi, G.; et al.
300P Association between the neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios and efficacy of CDK 4/6 inhibitors in
advanced breast cancer: The observational multicenter Italian PALMARES study. Ann. Oncol. 2020, 31, S362-S363. [CrossRef]
D’angelo, A.; Giudici, F.; Chapman, R.; Darlow, J.; Kilili, H.; Sobhani, N.; Cinelli, M.; Cappelletti, M.R.; Strina, C.; Milani, M.; et al.
Clinico-Immunological Effects of a Single-Agent CDK4/6 Inhibitor in Advanced HR+/HER2- Breast Cancer Based on a Window
of Opportunity Study. Curr. Issues Mol. Biol. 2022, 44, 4255-4267. [CrossRef] [PubMed]

Schaer, D.A.; Beckmann, R.P.; Dempsey, ].A.; Huber, L.; Forest, A.; Amaladas, N.; Li, Y.; Wang, Y.C.; Rasmussen, E.R.; Chin, D,;
et al. The CDK4/6 inhibitor abemaciclib induces a T cell-inflamed tumor microenvironment and enhances the efficacy of PD-L1
checkpoint blockade. Cell Rep. 2018, 22, 2976-2991. [CrossRef] [PubMed]

Mitsuyoshi, A.; Nagahashi, M.; Kanaoka, H.; Oshiro, A.; Togashi, Y.; Hattori, A.; Tsuchida, J.; Higuchi, T.; Nishimukai, A.; Murase,
K.; et al. Neutrophil-to-lymphocyte ratio at the end of treatment with CDK4/6 inhibitors is an independent prognostic factor for
ER-positive HER2-negative advanced breast cancer. Int. J. Clin. Oncol. 2024, 29, 1850-1859. [CrossRef]

Dewan, M.Z.; Galloway, A.E.; Kawashima, N.; Dewyngaert, ] K.; Babb, ]J.S.; Formenti, S.C.; Demaria, S. Fractionated but not
single-dose radiotherapy induces an immune-mediated abscopal effect when combined with anti-CTLA-4 antibody. Clin. Cancer
Res. 2009, 15, 5379-5388. [CrossRef]

Singh, J.; Ashdown, M.; Baxi, S. Potential immunogenic modulation of hypo-fractionated radiotherapy at optimal schedules and
the subsequent vaccine-like effect of local irradiation—A systematic review. Front. Oncol. 2025, 15, 1546875. [CrossRef]

Tian, A.; Lv, H,; Liu, W.; Zhao, J.; Zhao, S.; Wang, K.; Song, C. Pseudoprogression after advanced first-line endocrine therapy in
metastatic breast cancer with bone metastasis: A case report. Front. Oncol. 2023, 12, 1099164. [CrossRef]

https://doi.org/10.3390 /immuno6020040


https://doi.org/10.1158/1078-0432.CCR-06-0931
https://doi.org/10.1016/S0959-8049(11)70143-5
https://doi.org/10.1155/2018/4786819
https://doi.org/10.3390/ijms21186479
https://doi.org/10.1158/1078-0432.CCR-20-2269
https://www.ncbi.nlm.nih.gov/pubmed/32967938
https://doi.org/10.1172/jci.insight.154402
https://www.ncbi.nlm.nih.gov/pubmed/34932500
https://doi.org/10.1038/s41598-020-70430-2
https://doi.org/10.1016/j.radonc.2022.10.023
https://doi.org/10.1016/j.ijrobp.2022.07.005
https://doi.org/10.1038/nature23465
https://doi.org/10.1016/j.ebiom.2022.104010
https://doi.org/10.1016/j.clml.2021.09.005
https://doi.org/10.3390/genes16070732
https://www.ncbi.nlm.nih.gov/pubmed/40725389
https://doi.org/10.1016/j.annonc.2020.08.402
https://doi.org/10.3390/cimb44090292
https://www.ncbi.nlm.nih.gov/pubmed/36135204
https://doi.org/10.1016/j.celrep.2018.02.053
https://www.ncbi.nlm.nih.gov/pubmed/29539425
https://doi.org/10.1007/s10147-024-02625-w
https://doi.org/10.1158/1078-0432.CCR-09-0265
https://doi.org/10.3389/fonc.2025.1546875
https://doi.org/10.3389/fonc.2022.1099164
https://doi.org/10.3390/immuno6020040

Immuno 2026, 6, 40 80f8

21.

22.

23.

24.

25.

Chiou, V.L.; Burotto, M. Pseudoprogression and Immune-Related Response in Solid Tumors. J. Clin. Oncol. 2015, 33, 3541-3543.
[CrossRef] [PubMed]

Lin, M,; Jin, Y,; Yang, Z.; Hu, X.; Zhang, J. Determination and clinical significance of bone pseudoprogression in hormone
receptor-positive metastatic breast cancer. Ther. Adv. Med. Oncol. 2021, 13, 17588359211022881. [CrossRef] [PubMed]

Huang, W.; Li, C.; Chen, M.; Lin, D.; Wu, E; Chen, X.; Li, N.; Wang, L.; Liu, J. Pseudoprogression After Palbociclib with Aromatase
Inhibitors Treatment in Metastatic Breast Cancer. Onco. Targets Ther. 2020, 13, 7785-7792. [CrossRef]

Badran, O.; Darawshe, A.; Sharif, S.; Yosef, S.; Bar-Sela, G. Baseline neutrophil-lymphocyte ratio (NLR) predicts toxicity and
survival in HR+/HER-2 breast cancer patients treated with CDK4/6 inhibitors. Breast 2025, 83, 104568. [CrossRef]

Guerini, A.E.; Mataj, E.; Borghetti, P,; Triggiani, L.; Pegurri, L.; Nici, S.; Riga, S.; Tucci, A.; Belotti, A.; Bont,, M.L.; et al. Impact of
the Number of Administered Systemic Treatment Lines on Local Response to Radiation Therapy for Multiple Myeloma. Adv.
Radiat. Oncol. 2024, 10, 101696. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390 /immuno6020040


https://doi.org/10.1200/JCO.2015.61.6870
https://www.ncbi.nlm.nih.gov/pubmed/26261262
https://doi.org/10.1177/17588359211022881
https://www.ncbi.nlm.nih.gov/pubmed/34188696
https://doi.org/10.2147/OTT.S253333
https://doi.org/10.1016/j.breast.2025.104568
https://doi.org/10.1016/j.adro.2024.101696
https://doi.org/10.3390/immuno6020040

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

