
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Shiyou Wei,
Sichuan University, China

REVIEWED BY

Mircea Dediu,
Sanador Medical Center, Romania
Sousuke Kubo,
Yokohama City University, Japan

*CORRESPONDENCE

Yingying Du

duyingying@126.com

†These authors have contributed equally to
this work and share first authorship

RECEIVED 20 November 2023

ACCEPTED 12 January 2024
PUBLISHED 26 January 2024

CITATION

Niu R, Zhang Y, Pang J, Zhou Q, Lei Y and
Du Y (2024) Effective treatment of
advanced lung adenocarcinoma with
paraneoplastic leukemoid reaction
with Lorlatinib: a case report.
Front. Oncol. 14:1341233.
doi: 10.3389/fonc.2024.1341233

COPYRIGHT

© 2024 Niu, Zhang, Pang, Zhou, Lei and Du.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

TYPE Case Report

PUBLISHED 26 January 2024

DOI 10.3389/fonc.2024.1341233
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reaction with Lorlatinib: a
case report
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Background: Lorlatinib is a new generation ALK kinase inhibitor. We describe a

52-year-old patient with ALK-positive advanced lung adenocarcinoma who

achieved remission after multi-line therapy combined with paraneoplastic

leukemoid reaction treated with Lorlatinib.

Case report: A 52-year-old male patient was diagnosed with stage IV right lung

adenocarcinoma, ALK: (+), previously received oral Crizotinib and Alectinib.

Blood routine showed white blood cells abnormally elevated after disease

progression, and maximum white blood cell count was 179.14×10^9/L. The

patient was enrolled in study entitled “a phase II, multicenter, open-label, dual-

cohort study to evaluate the efficacy and safety of LORLATINIB monotherapy in

ALK inhibitor-treated locally advanced or metastatic ALK-positive non-small cell

lung cancer patients in China”. With oral Lorlatinib, the white blood cell count

decreased from 179.14×10^9/L to normal after two weeks of administration. PFS

was 4.5 months. When follow up imaging showed lesions progression, the white

blood cell count increased again, diagnosing a paraneoplastic leukemic reaction.

OS was 5.2 months.

Conclusion: In this case, fourth-line Lorlatinib treatment is effiective in ALK-

positive advanced patient with paraneoplastic leukemoid reaction.

ClinicalTrials.gov Identifier: NCT03909971
KEYWORDS

non-small cell lung cancer, paraneoplastic syndrome, leukocytosis, Lorlatinib,
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1 Introduction

In 1977, PLR was first reported in a patient with lung cancer (1).

A white blood cell count of more than 50x10^9/L is termed as a

paraneoplastic leukemic reaction(PLR), excluding myeloid

neoplastic infiltration in solid tumors, the most common of

which is non-small cell lung cancer (2).

It is a case report of an advanced ALK-positive lung

adenocarcinoma patient with paraneoplastic leukemoid reaction

achieved remission after fourth-line Lorlatinib treatment. We

present the following case in accordance with the CARE

reporting checklist.
2 Case presentation

A 52-year-old male patient was diagnosed with stage IV lung

carc inoma in 2018. Lung biopsy , pathology showed

adenocarcinoma, ALK-Tissue (+), TTF- 1 (+). The patient has no

family history or history of chest disease or psychological disorders.

Genetic test results: There was t(2p23) ALK (+) by FISH, with ALK

gene translocation. The patient then received oral Crizotinib, during

which best overall response(BOR) was SD. PFS was 13.3 months.

Treatment was altered to oral alectinib. PFS was 1.7 months. The

patient received one course of chemotherapy (pemetrexed plus

carboplatin) after the progression of the disease. The count of

white blood cells was found abnormally increased two-weeks

later, the bone marrow biopsy showed bone marrow tissue, active

proliferation of hematopoietic cells, all three lines of hematopoietic

cells were visible, without evidence of malignancy. One week later,

the patient was treated with thoracentesis drainage for “chest

tightness and shortness of breath for 1 month”. The patient had

obvious symptoms of chest tightness and shortness of breath, with

chest pain, along with dyspnea and sweating. The patient was

treated with antiasthmatic and diuretic therapy to alleviate

symptoms. No abnormalities were seen in the bone marrow

aspiration and biopsy, and the patient’s temperature was normal.

The results of procalcitonin and c-reactive protein were under
Frontiers in Oncology 02
normal range at an outside hospital. Physical examination showed

low respiratory sounds in the right lung and dry rales in the left

lung. The patient had results of Tumor Abnormal Protein and

HSP90 tests at our hospital. The serum Tumor Abnormal Protein

was abnormal and has small coagulants. The serumHSP90 level was

132.35 ng/ml (range, 0-82 ng/ml). The patient was enrolled in the “a

phase II, multicenter, open-label, dual-cohort study to evaluate the

efficacy and safety of LORLATINIB ·monotherapy in ALK

inhibitor-treated locally advanced or metastatic ALK-positive

non-small cell lung cancer patients in China” with signing

informed consent after a week of hospitalization. Maximum white

blood cell count was 179.14×10^9/L, considering leukemoid

reaction of lung cancer. The amount of white blood cells and the

number of neutrophils in patients are presented in Table 1 and

Figure 1. In the patient’s laboratory examination, we found a

transient elevation of serum calcium and serum corrected

calcium. Serum calcium, serum albumin and corrected calcium

levels in patients are presented in Table 2. The patient started to

take oral LORATINIB. As the patient’s white blood cell count

dropped back, the patient’s symptoms significantly ameliorated and

he was discharged with medication. The patient’s vital signs and

hematology and blood were monitored during outpatient follow-up,

during which the white blood cell count was back to normal. The

best efficacy evaluation was the PR (Figure 2). After more than 4

months of oral Loratinib, the patient’s computed tomography (CT)

scan showed significant enlargement of nodules in the right pleura

and the presence of metastatic nodules in the left adrenal gland. PFS

was 4.5 months. Patient described remarkable improvement in

symptoms of chest tightness and generalized malaise. Ahead of

this, blood routine showed white blood cells increased again in the

third month of oral Loratinib. The patient died of respiratory failure

and lung infection.
3 Discussion

Paraneoplastic syndrome is a group of signs and symptoms seen

in cancer patients not directly related to tumor-related metabolic
TABLE 1 The main results of venous blood routine during the course of leukocytosis.

Time 2019-06-05 2019-06-26 2019-07-04 2019-07-05 2019-07-06 2019-07-08

WBC(×109/L) 47.10 71.83 179.14 112.50 57.12 14.。、42

Neutrophil(×109/L) 43.90 68.36 173.62 108.22 54.96 12.89

Lymphocyte(×109/L) 1.60 1.45 1.79 1.98 1.30 1.11

Monocyte(×109/L) 1.20 1.73 3.66 2.20 0.66 0.31

Eosinophil(×109/L) 0.35 0.16 0.00 0.02 0.02 0.08

Basophil(×109/L) 0.09 0.13 0.07 0.08 0.18 0.03

RBC(×1012/L) 3.92 3.36 3.33 3.05 3.06 3.01

Hemoglobin(g/L) 126 111.0 112.0 100.0 98.0 98

Platelet(×109/L) 170 195 237 183 176 162

Reticulocytes×1012/L) – 0.0659 0.0503 0.0458 0.0456 0.0409
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deficiencies, infections, and side effects of antitumor therapy. Eight

percent of cancer patients suffer from paraneoplastic syndrome (3),

predominantly in lung cancer patients (4, 5). In a retrospective

study, it was found that 33 of 227 lung cancer patients were

diagnosed with tumor-related leukocytosis (4). Most of these

patients had elevated serum G-CSF, GM-CSF and IL-6. The

occurrence of tumor-related leukocytosis appears to be an

ominous prognostic sign in patients with lung carcinoma.

Cytokines such as serum G-CSF, GM-CSF and IL-6 play a

mobilizing role in leukocyte elevation. Tumor-secreted cytokines

can induce peripheral leukocytosis by stimulating myelopoiesis in

the bone marrow. Clinical differentiation of PLR can be diagnosed

by testing serum cytokine levels. A PLR caused by tumor

production of G-CSF is most common (6). A PLR is a diagnosis

of exclusion. Bone marrow aspiration and peripheral blood smear

were performed in an outside hospital after the patient’s leukocyte
Frontiers in Oncology 03
elevation, the results of which showed no evidence of tumor cell

infiltration or leukemia, and the report only mentioned that the

hematopoietic cells were actively proliferating in a ratio of about 3:1

with fat, and that hematopoietic cells of all three lineages were

visible. Peripheral blood smear results were not reported in detail.

The patient did not examine for BCR/ABL fusion gene and the

JAK2V617F gene mutation. The results of procalcitonin and c-

reactive protein were under normal range at an outside hospital.

Therefore, the diagnosis of concurrent infection was excluded. The

drug associated hyperleukocytosis was not considered as the patient

was not using corticosteroids or vasopressors (7).

Lorlatinib is a selective third-generation anaplastic lymphoma

kinase (ALK)/ROS1 tyrosine kinase inhibitor (TKI) with broad

ALK mutational coverage and high CNS permeability in advanced

ALK-positive non–small-cell lung cancer (8). Clinical study in

which patient was enrolled reported results that mPFS of patients
TABLE 2 Serum calcium, serum albumin and corrected calcium levels in patients are monitored at different times.

Time 2019-06-26 2019-07-04 2019-07-05 2019-07-06 2019-07-08

Serum calcium (mmol/L) 2.33 2.63 2.33 2.27 2.22

Serum albumin (g/L) 32.7 34.9 33.6 31.2 30.3

Serum corrected calcium (mmol/L) 2.476 2.732 2.458 2.446 2.414
A B C

FIGURE 2

CT images corresponding to the lung lesions in patient before oral Lorlatinib (A), significant remission of pleural lesions and pleural effusion during
oral Lorlatinib (B), and pleural lesions and pleural effusion that developed after 5 months of oral Lorlatinib (C).
FIGURE 1

The amount of white blood cells and the number of neutrophils in patients are monitored at different times.
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in cohort 2 (received one ALK TKI other than crizotinib [ ± prior

crizotinib]) is 5.6 months.

In this case, the patient had dyspnea and other clinical symptoms

due to leukocytosis at admission. After fourth-line oral administration

of Lorlatinib, the white blood cell counts gradually decreased, the

patient’s general condition was improved and the disease condition was

controlled. Abukhiran et al. (9) reviewed 179 reported cases of PLR in

solid tumors and analyzed clinical information. The mean overall

survival of these patients was 4 months. On univariate analysis, WBC

count was the only variable associated with overall survival (P = 0.03).

Patients with moderate (WBC count >40 K-100 K/mL) were at 1.5

times increased risk of death (HR = 1.49) and those with extreme

hyperleukocytosis (WBC count >100 K/mL) at twice increased risk of

death (HR = 1.99) relative to those with mild leukocytosis (WBC count

<40 K/mL). A retrospective study found that survivals of patients with

hypercalcemia alone (median survival time(MST) 3.8 months, n = 59),

leukocytosis alone (MST 1.9 months, n = 10), and the hypercalcemia-

leukocytosis syndrome (MST 1.5 months, n = 6) were significantly

shorter than those without them (MST 9.5 months, n = 1074; P <

0.001) (10). Hypercalcemia—leukocytosis syndrome is an indicator for

poorer outcome in lung cancer patients. Considered with extreme

hyperleukocytosis (WBC count >100 K/mL) and transient

hypercalcemia, the patient have poor prognostic factors. At the time

of diagnosis of lung cancer, there was no significant abnormality in

blood routine and abnormal elevation of white blood cells. Upon tumor

progression, the patient gained a paraneoplastic leukemoid reaction

(11). Before the radiographic disease progression, the patient’s follow-

up blood routine showed significantly increased white blood cells. The

temporal changes of white blood cell count in patients further

demonstrate that PLR can reflect the control of patients’ tumors and

even predict tumor burden and tumor progression trends.

Due to the limited knowledge of ALK-positive lung cancer,

leukemoid paraneoplastic syndrome in ALK-positive patients with

lung cancer have not been observed. The patient was examined at

an outside hospital for bone marrow biopsy, peripheral blood

smear, serum tumor markers. When diagnosing the patient’s

PLR, When diagnosing the patient’s PLR, there was a lack of

testing of serum G-CSF, GM-CSF, and IL-6, making it difficult to

diagnose differentiation of PLR. It is the first report that Lorlatinib is

effective for ALK-positive NSCLC with PLR.
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