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Abstract

Background: ALK-rearrangement is observed in < 5% non-small cell lung cancer (NSCLC) cases and prior to the
advent of oral tyrosine kinase inhibitors, the natural history of oncogenic NSCLC was typically poor. Literature
relating to regression of treatment-naïve NSCLC is limited, and regression without treatment has not been noted in
the ALK-rearranged sub-population.

Case presentation: A 76 year old ‘never smoker’ female with an ALK-rearranged left upper lobe T2 N0 NSCLC
experienced a stroke following elective DC cardioversion for new atrial fibrillation. Following a good recovery,
updated imaging demonstrated complete regression of the left upper lobe lesion and a reduction of the previously
documented mediastinal lymph node. Remaining atelectasis was non-avid on repeat PET-CT imaging, 8 months
from the baseline PET-CT. When the patient developed new symptoms 6months later a further PET-CT demonstrated
FDG-avid local recurrence. She completed 55 Gy in 20 fractions but at 18months post-radiotherapy there was
radiological progression in the lungs with new pulmonary metastases and effusion and new bone metastases. Owing
to poor performance status, she was not considered fit for targeted therapy and died 5months later.

Conclusion: All reported cases of spontaneous regression in lung cancer have been collated within. Documented
precipitants of spontaneous regression across tumour types include biopsy and immune reconstitution; stroke has not been
reported previously. The favourable response achieved with radical radiotherapy alone in this unusual case of indolent
oncogenic NSCLC reinforces the applicability of radiotherapy in locally advanced ALK-rearranged tumours, in cases not
behaving aggressively. As a common embolic event affecting the neurological and pulmonary vasculature is less likely, an
immune-mediated mechanism may underpin the phenomenon described in this patient, implying that hitherto unharnessed
principles of immuno-oncology may have relevance in oncogenic NSCLC. Alternatively, high electrical voltage applied
percutaneously adjacent to the tumour during cardioversion in this patient may have induced local tumour cell lethality.

Keywords: Non-small cell lung cancer, ALK rearrangement, Spontaneous regression, Radiotherapy, Embolism, Cancer
immunity, Stroke, Electric therapy, DC cardioversion
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Background
The clinical phenotype of non-small cell lung cancer
(NSCLC) with the fusion gene echinoderm microtubule
associated protein like 4 (EML4) - anaplastic lymphoma
kinase (ALK), is characterised by early metastasis and
poor prognosis in comparison to tumours without a
known oncogenic driver [1]. ALK rearrangements are
more common in younger, ‘never smoker’ and ‘light
smoker’ patients [2] and multiple chromosomal rear-
rangements have been described [3]. ALK rearrange-
ments are reportedly mutually exclusive with epidermal
growth factor receptor (EGFR) and Kirsten rat sarcoma
(KRAS) mutations [4].
Curative treatment options include surgery and radio-

therapy, although inferior outcomes have been noted in
comparison with cases where ALK rearrangement is not
detected [5–7]. In advanced disease where radical inter-
ventions are not possible, targeted oral tyrosine kinase
inhibitors offer improved outcomes over cytotoxic ther-
apy [8]. Next generation targeted agents have improved
efficacy and toxicity profiles [9] but clinical trials of im-
mune checkpoint inhibitors have shown reduced efficacy
in this small subpopulation [10].
Spontaneous regression (SR) of cancer, defined as at

least partial disappearance of cancer without medical
treatment, occurs in approximately 1 in 100,000 cases
[11]. Most reported cases relate to melanoma, or haem-
atological primaries, and are commonly attributed to the
immune system [12]. Regression of untreated metastases
following radiotherapy to the primary, the abscopal ef-
fect, is currently under investigation, with augmentation
by systemic immunotherapy particularly in focus [13].
Regression of an oncogene-associated NSCLC without
treatment has not been reported in the literature previ-
ously. The ALK-rearranged clinical case described herein
according to the Case Report (CARE) guidance [14],
underwent SR, sustained for at least 10 months, and rad-
ical radiotherapy subsequently on local relapse.

Case presentation
A 76 year old ‘never smoker’ female with no past med-
ical history was diagnosed with locally advanced NSCLC
during investigations for a community-acquired lower
respiratory tract infection. The Medical Research Coun-
cil (MRC) Dyspnoea Score was 3 and there was a dry
cough. Computed tomography (CT) of the chest demon-
strated a 4.5 cm (anterior-posterior) × 4.1 cm (craniocau-
dal) left lung upper lobe mass with abutment of the
mediastinal pleura and distal atelectasis and pneumonitis
(Fig. 1).
An 8mm ipsilateral lymph node was visible at station

10. Multiple sub-centimetre lung nodules were noted
throughout the right lung. Histological and immunohis-
tochemical assessment of core biopsies from the primary

lesion via bronchoscopy favoured the adenocarcinoma
subtype of NSCLC (see Table 1). The molecular analysis
revealed ALK fusion protein overexpression along with
ALK rearrangement. This result is in keeping with an
ALK rearranged adenocarcinoma. The main lesion had
an SUVmax of 16 on 18fluorodeoxyglucose positron emis-
sion topography-CT (PET-CT) imaging and no other le-
sions were avid. Following a review of the imaging at the
multidisciplinary meeting (MDM), staging was offered at
T2 N0 M0 (TNM 8 [15]), and in light of the patient’s fit-
ness, radical treatment was recommended.
During the assessment period for a primary lobectomy,

the patient developed symptomatic atrial fibrillation. She
underwent a successful direct current (DC) cardiover-
sion and was discharged on edoxaban. Three weeks later
the patient was noted to be in atrial fibrillation once
more during an inpatient admission for the management
of chest sepsis, for which she was discharged on digoxin.
She was electively admitted to the Cardiology ward 6
weeks later for a second DC cardioversion procedure.
Under conscious sedation, the patient received one syn-
chronised shock of 120 J delivered via anterior-posterior
paddles ie one placed at the left parasternal edge, one at
the corresponding position on the patient’s back. One
week post-procedure the patient attended the Emer-
gency Department complaining of dysarthria and left-
sided hemiparesis. CT and magnetic resonance imaging
(MRI) of the brain confirmed the presence of a dense
right-sided middle cerebral artery territory infarction
(see Fig. 2). The patient was in sinus rhythm, transtho-
racic echocardiography was unremarkable and mild
bilateral carotid atheroma only was noted on ultrasonog-
raphy (< 50% stenosis), suggestive for a stroke secondary
to a delayed cardiogenic embolus related to atrial fibril-
lation, despite anticoagulation.
Five days later, haemorrhagic transformation of the

stoke was detected on MRI following clinical deterior-
ation. A 3.5 cm intracerebral haematoma was identified
within the right basal ganglia, causing effacement of the

Fig. 1 CT appearance of left upper lobe primary tumour
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right lateral ventricle frontal horn, which was managed
conservatively. The clinical condition stabilised and both
her speech and weakness improved with rehabilitation
from the department of Stroke Medicine.
As the patient’s ECOG PS recovered to 2 and her

breathlessness resolved, work-up for radical treatment
resumed, given her ongoing determination to gain con-
trol over the cancer. Updated cross-sectional imaging
demonstrated complete regression of the left upper lobe
lesion and a reduction of the previously documented
mediastinal lymph node. Remaining atelectasis had a
maximum standard uptake value (SUVmax) 2.7 on repeat
PET-CT imaging (8 months since first PET). A review of
the patient’s medications was undertaken searching for
possible effects on FDG uptake, which was negative. The
merits and risks of radical radiotherapy versus active
surveillance were explored with the patient who elected
to proceed with the latter.
Clinical review after 6 months of active surveillance,

dry cough and mild dyspnoea were reported by the

patient. Corresponding with the imaging findings, thor-
acic imaging with CT showed increased patchy paren-
chymal changes at the site of the previous left upper
lobe lesion without associated hilar or mediastinal
lymphadenopathy. Repeat PET-CT imaging demon-
strated increased uptake (SUVmax 10.2) in a sub-pleural
4 cm mass in keeping with local relapse (see Fig. 3), and
no additional sites of disease.
As the pulmonary function tests (FEV1 90% predicted;

TLCO 80% predicted) were favourable and physical fit-
ness had stabilised (ECOG PS 2) the patient was con-
sented for a course of radical thoracic radiotherapy
without chemotherapy. She completed 55 Gy in 20 frac-
tions planned with the intensity modulated radiotherapy
technique and delivered as 6 MV arc therapy, with daily
online cone beam-CT image guidance, treating Monday
to Friday for 4 weeks [16]. Target volumes were subject
to peer review [17]. Tumour shrinkage was noted during
routine offline imaging review.
There were no acute toxicities during routine clinical

assessments on treatment, or at 6 weeks post-
radiotherapy. On clinical review 4months after treat-
ment completion the patient was more frail and had
continued respiratory symptoms. Around this time, the
first radiological follow-up scan demonstrated radiation
pneumonitis focally in left upper lobe. At 1 year the pa-
tient returned to ECOG PS 1 and the imaging demon-
strated stable disease locally and no evidence of distant
relapse. At 18 months post-radiotherapy there was radio-
logic progression in the lungs with new pulmonary nod-
ules and effusion and new bone metastases correlating
with new symptoms of dyspnoea, cough and back pain.
Owing to poor performance status, she was not consid-
ered fit for systemic therapy including ALK-targeted
therapy and was managed with multi-disciplinary best
supportive care until her death 5 months later.

Discussion and conclusions
SR is the partial or complete disappearance of a malig-
nancy without medical treatment [12]. The incidence is
estimated at 1 in 100,000 cases [11]. Kumar et al. [18]
progressed the original definition recently, proposing

Table 1 Pathological evaluation of core biopsy samples

Histological Analysis Molecular Analysis

TTF-1 Weak focal positivity EGFR PCR Insufficient DNA

Nap A Weak focal positivity ALK fusion protein IHC Detected

CK 7 Positive ALK rearrangement ISH Detected

CK 20 Positive PD-L1 IHC Not detected

CA 19–9 Positive

CDX-2 Negative

(TTF-1 = thyroid transcription factor 1; Nap A = napsin A; CK 7 = cytokeratin-7; CK 20 = cytokeratin-20; CA 19.9 = carbohydrate antigen 19–9; CDX2 = caudal type
homeobox 2; PCR = polymerase chain reaction; IHC = immunohistochemistry; ISH = in situ hybridisation; PD-L1 = programmed death ligand 1)

Fig. 2 Axial T1-weighted MRI demonstrating right sided MCA
territory infarction
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that criteria below are met, and Ariza-Prota suggests
that regression should be confirmed for at least 1 month
[19].

� Partial or complete disappearance in the absence of
systemic treatment or local treatment to local or
distant disease

� No form of recent systemic therapy were
administered

� The primary malignancy was made on histology, and
metastatic lesions must have at least been confirmed
on imaging

Most reported cases have involved primary tumours
recognised for their immunogenicity. eg. melanoma,
renal cell carcinoma and haematological cancers [20].
Evidence supporting immune (re-)activation as the
mechanism for remission is accumulating, with both
pre-clinical and clinical studies including cytokines and
macrophages [21, 22]. Lung cancers undergo SR less

frequently, possibly because they tend to be less im-
munogenic [23].
Two groups have previously collated pan-tumour SR

cases – Everson and Boyd from 1900 to 1964, and on to
1987 by Challis. Limited clinical detail were available to
the authors however, and oncology has been revolutio-
nised by CT. Of the pooled lung cases (approximately
twenty) it is likely most cases had small cell histology. All
cases of SR in NSCLC published since 1987 are detailed in
Table 2. Staging is recorded according to TNM 8 except
in cases where insufficient information was available
(marked with a *). Follow-up duration is recorded as the
duration of time (months) from the first observation of re-
gression to the end of follow-up, relapse at the regressed
site of disease, or death (whichever came first). Triggers
proposed specific to the case presented are listed, as are
documented details of surveillance or treatment strategies.
Cases of abscopal responses to RT [49], durable local con-
trol following R1 resections [50] and where treatment was
given immediately prior to SR were excluded [51], and
only articles in English were included.
A total of 25 cases were identified between 1987 and

2020. The mean age was 69 years. 4 cases were female,
32 males. Squamous cell carcinoma made up the great-
est proportion (n = 10), followed by NSCLC not other-
wise specified (n = 6) and adenocarcinomas (n = 6). All
but three cases had SR observed in the primary mass.
The SR was complete in 7 cases and partial in 15. The
median duration of follow-up was 71months (range 2–
84). From cases where data was available, two cases ex-
perienced local relapse and one, distant relapse, and each
of these cases had SR observed in the primary tumour.
The most common proposed trigger was biopsy (n = 10),
followed by immunological mechanisms (n = 5) and
herbal medicine (n = 3).
The strengths of this clinical case report include serial

PET imaging, complete follow-up and context of previ-
ous cases in exhaustive literature review. The weaknesses
of this case report include the lack of repeat biopsy on
the initial relapse following SR, and the lack of previous
oncogenic NSCLC cases available for comparison.
ALK rearrangement is uncommon in NSCLC amongst

the Western population, with a prevalence of approxi-
mately 5% [52]. This oncogene is associated with un-
regulated tyrosine kinase activity and neoplastic
transformation of pulmonary epithelial tissue, with the
development of signet ring cell morphology [53]. The
diagnosis of ALK rearrangement is therefore detrimental
for prognostication in NSCLC and effective treatment
options are limited [52]. Given the ‘oncogene addiction’
responsible for the poor prognosis of ALK rearranged
NSCLC, the case presented represents unusual biology.
Unsurprisingly, SR has not been reported previously in
the ALK rearranged subpopulation.

Fig. 3 Serial PET-CT appearance of the left upper lobe lesion
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Local recurrence-free survival rate at 2 years following
radical radiotherapy alone is offered at approximately
29% with modern treatment in the unselected NSCLC
population [54], but this value is thought to be lower in
oncogenic NSCLC [5, 7]. Local control was achieved for
24 months in the case outlined despite ALK rearrange-
ment (see Fig. 4), also in keeping with atypical biology.
There is a paucity of data on how radiotherapy should
be optimised for oncogenic NSCLC. The role of ablative
approaches in oncogenic NSCLC is the subject of the
ongoing HALT trial in the UK [55].
Possible precipitants of SR have been purported by

several investigators, of which the more common exam-
ples can be found in Table 3. No reports of stroke as a
trigger for SR were identified in the NSCLC literature
(see Table 2) and to the authors’ knowledge, no cases of
SR following stroke have been documented in other pri-
mary tumours to date. One potential explanation for the
SR observed in this case would be that an embolic
shower affected the both the right carotid artery and the
vasculature of the tumour, causing both regions to in-
farct. This is unlikely given that no patent foramen ovale
was noted on echocardiogram. Separately, as stroke has
been recognised as a highly stressful and inflammatory
event [63], it is plausible that that molecular mimicry be-
tween the biological constituents of infarcted and/or
haemorrhagic neural tissue and the oncogenic NSCLC
microenvironment may have played a role in relegation
of tumour volume.
Finally, electrical pulses are known to reversibly in-

crease the permeability of cells (known as electropor-
ation) in vitro [64]. In oncology this has been used to

improve the delivery of systemic anticancer therapy lo-
cally within tumours in vivo [65] and clinically [66], and
as a stand alone treatment where even higher voltages
induce apoptosis by irreversible cell membrane damage,
known as irreversible electroporation (IRE) [67]. IRE has
been shown to be safe for endobronchial tumours in ani-
mal studies [68] and small clinical studies have been
undertaken [69]. The mechanism of the differential sur-
vival of normal tissues compared with tumour cells may
be related to repair kinetics [70] or to modification of
the immune system [71]. The high electrical voltage ap-
plied percutaneously adjacent to the left upper lobe
tumour during the elective DC cardioversion of this pa-
tient for atrial fibrillation may have induced cellular le-
thality. To our knowledge there are no previous reports
of (complete) regression of a primary lung tumour fol-
lowing DC cardioversion.
Given that treatment with targeted therapies can gain

control of NSCLC by instigation of immunogenic cellu-
lar lethality [72], this case raises the possibility of undis-
covered immune targets relevant for the treatment of
oncogenic NSCLC. Further research is thereby war-
ranted to elicit the full extent of the role of the immune
system in oncogenic-driven tumours.
In conclusion, this is the first report of SR of NSCLC

with a driver oncogene. The underlying biological mech-
anism is unclear, but temporally was related to electrical
cardioversion and a subsequent embolic event. If SR was
immune-mediated in this case, one hypothesis would be
that hitherto unactionable immune checkpoints may be
viable therapeutic targets in oncogenic lung cancers. Al-
ternatively, further translational research into electrical
therapy for lung cancer may be warranted. Concerted
international academic effort will be required to collect
cases of SR in NSCLC in order to unravel the underpin-
ning biology.

Abbreviations
ALK: Anaplastic lymphoma kinase; CT: Computed tomography; ECOG: Eastern
Cooperative Oncology Group; EGFR: Epidermal growth factor receptor;
EML4: Echinoderm microtubule associated protein like 4; FEV1: Forced
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MRI: Magnetic resonance imaging; NSCLC: Non-small cell lung cancer;
PET: Positron emission topography-computed tomography; SR: Spontaneous
regression; SUVmax: Maximum standard uptake value; TLCO: Transfer factor
for carbon monoxide

Fig. 4 Timeline of clinical events

Table 3 Purported triggers of SR

Mechanism Potential Explanations

Biopsy • Damage to supplying vasculature [29]
• Immune response triggered by local
inflammation [29]

Immunological • NK activation [56]
• Infection-related immune upregulation [57]
• CD8+ cell infiltration [58]

Hormonal • Down-regulation of tumour proliferation
pathways [59]

Intrinsic regression • Upregulation of apoptotic pathways [60]
• Return of tumour cell differentiation [61]
• Removal of carcinogen [62]
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