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Abstract
No systematic synthesis of all cases of spontaneous tumor lysis syndrome (STLS) in adult patients with solid tumors is 
available to date. Herein, we aim to recognize specific STLS characteristics and parameters related to a worse prognosis. 
We conducted a systematic search for randomized controlled trials, cohorts, case-control studies, and case reports. The 
primary endpoints were death and the need for renal replacement therapy (RRT) due to STLS. We estimated crude odds 
ratios (ORs) with 95% confidence intervals (95%CI) via univariate binary logistic regression. We included one cohort of 9 
patients and 66 case reports of 71 patients [lung cancer 15(21.1%)]. Regarding the case reports, most patients [61(87.1%)] 
had metastatic disease [liver 46(75.4%)], developed acute kidney injury [59(83.1%)], needed RRT [25(37.3%)], and died 
due to STLS [36(55.4%)]. Metastatic disease, especially in the liver [p = 0.035; OR (95%CI): 9.88 (1.09, 89.29)] or lungs 
[p = 0.024; 14.00 (1.37, 142.89)], was significantly associated with STLS-related death compared to no metastasis. Cases 
resulting in death had a significantly higher probability of receiving rasburicase monotherapy than receiving no urate-
lowering agents [p = 0.034; 5.33 (1.09, 26.61)], or the allopurinol-rasburicase combination [p = 0.023; 7.47 (1.40, 39.84)]. 
Patients receiving allopurinol were less likely to need RRT compared to those not receiving it or those receiving rasburi-
case. In conclusion, current anecdotal evidence demonstrated that metastatic disease, especially in the liver and lungs, may 
be associated with STLS-related death compared to no metastatic status. Careful surveillance of high-risk cases within 
larger studies is essential to identify markers predicting morbidity or mortality.
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Introduction

Tumor lysis syndrome (TLS) is a common oncological 
emergency and is caused by the massive lysis of tumor cells 
mediated by anticancer therapies or spontaneous cellular 
death in rapidly dividing tumors [1, 2]. The rapid lysis leads 
to massive efflux of intracellular potassium, phosphorus, 
and uric acid into the circulation, and subsequent electro-
lyte abnormalities including hyperkalemia, hyperuricemia, 
hyperphosphatemia, and secondary hypocalcemia, that may 
require renal replacement therapy (RRT) to be recovered [1, 
2]. TLS typically occurs in patients with leukemias (espe-
cially acute lymphoblastic leukemia), lymphomas (chiefly 
non-Hodgkin’s), and less commonly in cases with certain 
types of solid tumors, such as hepatoblastoma, neuroblas-
toma, and melanoma [1–4]. However, recent advances in 
oncological treatments have led to greater responses in 
high-burden solid tumors sensitive to cytotoxic agents and 
an increase in the incidence of TLS even in those rarely 
associated with this syndrome [1, 2, 4–6]. Despite this 
increase, the incidence of TLS in cases with solid tumors 
remains lower than in those with hematological malignan-
cies [1, 2, 4].

In cases with solid tumors, the syndrome is usually 
induced by the administration of chemotherapeutic drug 
combinations, chemoembolization, radiotherapy, radio-
frequency ablation (RFA), immune checkpoint inhibitors, 
monoclonal antibodies, or even corticosteroids - the lat-
ter more commonly reported in cases with hematological 
malignancies [3, 4, 6, 7]. Even less frequently, TLS may 
emerge in patients without recent exposure to any of the 
above therapeutic agents or approaches. In this setting, it is 
characterized as spontaneous TLS (STLS) [2, 8]; and more 
reports have linked the “STLS” in solid tumors with prior 
biopsies and oncological surgeries [8].

To date, the vast majority of available evidence on STLS 
is derived from hematological malignancies [3, 9] while in 
cases with solid tumors, TLS has been mainly attributed to 
previous oncological treatments [6, 10], and its spontane-
ous presentation is even less studied. This scoping review 
aims to explore the diagnostic characteristics, the clinical 
and laboratory presentation findings, as well as the manage-
ment, and the prognosis of patients with solid tumors that 
developed STLS. In addition, any potential associations of 
examined variables with STLS-related death or hemodialy-
sis will be investigated.

Methods

Study design and protocol registration

This scoping literature review was conducted in line with 
the extension for Scoping Reviews of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) [11]. The protocol was preregistered with Open 
Science Framework (OSF preregistration: https://doi.
org/10.17605/OSF.IO/FWTZP, August 19, 2022).

Eligibility criteria

Eligible were considered adult patients (> 18 years) with 
non-hematological/solid malignancies developing labora-
tory STLS (LSTLS) as per Cairo-Bishop criteria (i.e., at 
least two identified abnormalities in the serum concentra-
tions of potassium, phosphorus, uric acid, and calcium) 
[12]. The laboratory definition of TLS was preferred to 
avoid the exclusion of initially asymptomatic cases [8]. 
Spontaneous cases were considered those without prior 
recent exposure to chemotherapy/radiation, locoregional 
anti-cancer treatments (e.g., chemoembolization, RFA), 
immune checkpoints inhibitors/monoclonal antibodies, and 
hormonal agents (in case of hormone-dependent cancers). 
After an explicit search of the relevant literature, we were 
unable to identify specific cut-off time points after the last 
administration of responsible agents that define the spon-
taneous character of the TLS. The Cairo-Bishop diagnos-
tic criteria of non-spontaneous TLS generally require the 
presence of laboratory abnormalities within 3 days before 
or 7 days after the cytotoxic treatment [12]. Therefore, 
TLS was characterized as spontaneous only when labora-
tory diagnosis was confirmed at least one month after the 
last administration of the responsible cytotoxic agent. This 
interval was used to ensure the spontaneous nature of the 
syndrome even in case of bias associated with the retrospec-
tive design, expecting that most of the included literature 
would consist of anecdotal case reports/series [6, 13]. Inci-
dents of TLS accompanied by recent prior exposure to inva-
sive procedures like biopsies have been included. Although 
tumor biopsy has been linked with STLS in solid tumors on 
an anecdotal basis [6, 8], it is not clearly reported whether 
it is performed or not, even by relevant case reports (i.e., 
not reporting of a tumor biopsy cannot guarantee that was 
not performed). Cases of prior recent exposure to cortico-
steroids were excluded from the primary analyses and were 
only included in supplementary sensitivity analyses, con-
sidering that their potential for inducing TLS has been bet-
ter described in the context of hematological malignancies 
rather than solid tumors [8].
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We included studies that reported on parameters belong-
ing to at least one of the 4 outcome axes:

a.	 Tumor-related data [i.e., primary site, histological sub-
type, and grading, duration between the initial diagnosis 
and STLS emergence, treatment for the primary site (as 
a potential decrease in tumor burden), duration between 
last exposure to triggering factors and TLS diagnosis, 
stage of disease, tumor size (i.e., largest transverse 
dimension), metastatic disease (yes/no) and metastatic 
site(s)];

b.	 STLS-related characteristics including potentially trig-
gering agents (i.e., other than classic cytotoxic antican-
cer agents or previously described tumoricidal agents), 
clinical presentation [i.e., Cairo-Bishop grade of clini-
cal STLS (CSTLS) [2, 12] divided into “no CSTLS 
but present LSTLS”, “mild CSTLS” (i.e., grade 1–2) 
and “severe CSTLS” (i.e., grade 3–4; patients that 
reached grade 5 were classified according to the grade 
of CSTLS on presentation, before dying due to the syn-
drome)], laboratory results at the time of diagnosis of 
LSTLS [e.g., urea/blood urea nitrogen (BUN), serum 
creatinine (SeCr), uric acid, potassium, phosphorus, 
calcium, sodium, white blood cell count (WBC), lactate 
dehydrogenase (LDH)], and subsequent complications 
(e.g., cardiac arrhythmia, new-onset seizures, acute kid-
ney injury [2], and symptomatic hypocalcemia);

c.	 Management of STLS and its related complications [i.e., 
administration of allopurinol, febuxostat, and/or rasbu-
ricase and other supportive medications (e.g., rehydra-
tion, and management of electrolyte imbalance)] [1, 2];

d.	 Prognosis of STLS [i.e., need for RRT, case-fatality 
rate/death due to STLS, all-cause death, recurrence]. 
Death due to STLS (yes/no) was defined as death dur-
ing admission for STLS and caused by the syndrome’s 
manifestations or direct complications.

We considered death or the need for RRT due to STLS as 
primary outcomes and the rest as secondary.

Published randomized controlled trials (RCTs), prospec-
tive/retrospective cohorts, case-control studies, case series, 
or case reports written in English, German, or French were 
considered eligible.

Search strategy and study selection

A systematic literature search of the PubMed and Scopus 
databases and the CENTRAL registry (which contains the 
clinicaltrials.gov and WHO ICTRP registers) was conducted 
using the following algorithm: “Tumor Lysis Syndrome” 
AND spontaneous. A preliminary search was conducted 
on May 1, 2022. We updated the search up to October 17, 

2022, to not exclude any recently published eligible studies. 
The obtained records were imported into EndNote 20 and 
underwent semiautomatic deduplication [14]. Deduplicated 
records were then imported into the Rayyan web applica-
tion (https://www.rayyan.ai/). Three independent reviewers 
(EG, SAM, AEA) initially screened the records for rel-
evance based on title and abstract only. Disagreements were 
resolved through consensus or by a fourth reviewer’s (MP) 
decision. Relevant articles were then assessed for eligibility 
by the same three independent reviewers with inconsisten-
cies having been again addressed through discussion until 
consensus or decision by a fourth author (MP). References 
of the included articles were also searched, as per the snow-
ball procedure, to further investigate cases not referred to 
as “spontaneous” by the authors. In case of overlapping/
duplicate samples within the same analysis, the study with 
the most comprehensive report on the outcomes of interest 
was selected.

Data items and data collection

Three blinded reviewers (EG, SAM, AEA) extracted data 
from the eligible articles in a predesigned Excel spread-
sheet. Discrepancies were resolved through discussion until 
consensus. Items for which data were sought and extracted 
are presented in Supplementary methods.

Risk of bias assessment

Within the scoping nature of this review, the risk of bias 
assessment of the eligible studies was not considered oblig-
atory [11]. Since most eligible studies were expected to be 
case reports/case series, which are generally considered 
low-quality data [13], further risk of bias assessment was 
not performed.

Statistical analysis

Reporting was separate for aggregate data provided by 
RCTs/observational studies and individual participant data 
(IPD) recorded by case reports. Regarding IPD, a second-
ary analysis of the collected data was performed. Numerical 
variables were presented as mean, standard deviation (SD), 
or median, [1st quartile 1 (Q1), 3rd quartile (Q3)] if their 
distributions were skewed, while categorical variables were 
presented as frequencies (%). The normality of continuous 
variables was examined by applying the Shapiro-Wilk test. 
Descriptive statistics of the examined variables were calcu-
lated for the overall sample and the sample of each one of 
the different primary tumor sites. Inferential statistics using 
the entire sample were restricted to the primary outcomes. 
Means of independent samples were compared using the 
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with 9 patients eligible for inclusion [20], and 1 retrospec-
tive cohort with only 1 patient eligible for inclusion and thus 
regarded as case report [21]) were finally included in the 
review. Six case reports [22–27] considered cases of TLS 
after prior recent exposure to corticosteroids; these were 
only included in the supplementary analysis. Therefore, 67 
studies [20, 21, 28–92] were included in the main analysis. 
The numbers of excluded studies as well as the exact rea-
sons for their exclusion are available in Fig. 1 and Table S1, 
respectively.

The main characteristics of the included studies are pre-
sented in Table S2. The 66 case reports encompassed 71 
patients. A minor overlap may likely exist between a cohort 
and a case report; [20, 58] however, these were not part of 
the same analysis and hence both were included. The demo-
graphic characteristics of individual patients, the primary 
tumor site and histology, the metastatic burden, the clinical 
and laboratory findings of developed STLS, as well as the 
management and prognosis of the syndrome, are available 
in Table  1, and Table  2. Same data is presented only for 
cases of TLS developing after administration of cortico-
steroids and for all cases, regardless of prior exposure to 
corticosteroids, in Table S3, S4, respectively. Variables are 
stratified according to primary tumor site in Table S5.

independent-samples t-test if data were normally distrib-
uted; if not, the Mann-Whitney U Test was performed [15]. 
Chi-square/Fisher’s exact tests were employed for the com-
parisons between categorical data [16]. Crude odds ratios 
(ORs) along with their 95% confidence intervals (95%CI) 
and corresponding p-values (pOR) were estimated by uni-
variate binary logistic regression with “death due to STLS”, 
and “need for RRT” serving as the dependent variables and 
one of the rest of the investigated variables being, each time, 
used as the predictor variable [17]. Multivariable logistic 
regression was not performed due to the small sample size 
[18, 19]. A supplementary sensitivity analysis, also includ-
ing cases with recent prior exposure to corticosteroids, was 
carried out. All analyses were conducted with the Stata Sta-
tistical Software, version 13 (StataCorp LP, College Station, 
TX, USA). Two-tailed p-values less than 0.05 were consid-
ered statistically significant.

Results

The literature search yielded 414 records. Following semi-
automatic deduplication and title-abstract screening, 127 
reports were assessed for eligibility. Of these, 54 were 
excluded and 73 (i.e., 71 case reports, 1 retrospective cohort 

Fig. 1  PRISMA flow diagram of the review
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OR, 9.88; 95%CI, 1.09 to 89.29, pOR = 0.041] or lungs 
[p = 0.024; OR, 14.00; 95%CI, 1.37 to 142.89, pOR = 0.026]. 
The same applied to individuals diagnosed with metastases 
only in the liver [OR, 19.20; 95%CI, 1.84 to 199.94, pOR = 
0.013] or lungs [OR, 24.00; 95%CI, 1.14 to 505.20, pOR = 
0.041] using again as reference the patient group without 
any diagnosed metastasis. Cases that received rasburicase 
monotherapy had also a significantly higher probability 
of resulting in death due to STLS than those receiving no 
urate-lowering treatment [p = 0.034; OR, 5.33; 95%CI, 1.09 
to 26.61, pOR = 0.041], or the allopurinol-rasburicase com-
bination [p = 0.023; OR, 7.47; 95%CI, 1.40 to 39.84, pOR = 
0.019] (Table 3).

Although the higher Cairo-Bishop clinical severity at 
STLS presentation was not associated with STLS-related 
death (p = 0.784), it was significantly associated with the 
need for RRT [p = 0.001; OR, 6.46; 95%CI, 2.08 to 20.08, 
pOR = 0.001]. Patients receiving allopurinol were less likely 
to require RRT compared to those not receiving this medica-
tion [p = 0.021; OR, 0.29; 95%CI, 0.10 to 0.85, pOR = 0.024] 
or those receiving rasburicase [p = 0.027; OR, 0.20; 95%CI, 
0.05 to 0.87, pOR = 0.032]. Notably, patients to which RRT 
was applied had significantly higher LDH levels at the STLS 
diagnosis than those not reaching RRT (p = 0.018, Table 4).

All comparisons of the examined variables with death 
and the need for RRT due to STLS as well as the results 
of the corresponding univariate logistic regression analyses 
are displayed in Tables 3 and 4. The sensitivity analysis that 
included cases with prior recent exposure to corticosteroids 
did not substantially change the findings (Tables S6, S7). 
The urate-lowering treatments per different metastatic sites 
are shown in Table S8.

Discussion

To the best of our knowledge, this is the largest review sys-
tematically synthesizing available data on adult patients 
with solid tumors developing STLS. Another recent system-
atic review on TLS developing in patients with solid tumors 
identified only 32 cases of STLS [10], less than half of our 
included 66 cases. In accordance with overall data on TLS 
of solid tumors, our sample had a median age of about 60 
years and predominantly consisted of males [6, 10]. Primary 
tumors were mostly large bulky masses (with a median larg-
est transverse dimension of about 9 cm), commonly located 
in the lungs, colon, or liver [2, 6, 20, 46, 93]. Most patients 
had been diagnosed with metastatic disease mainly in the 
liver and/or lungs and had an unfavorable prognosis com-
pared to previous studies on STLS of hematological malig-
nancies [94]. There was a significantly higher likelihood 
of STLS-specific death in patients with metastatic disease 

Regarding the cohort’s nine patients [8 (89%) male, mean 
(SD) age of 63 (13), median (Q1, Q3) Charlson Comorbid-
ity Index (CCI) on the admission of 7 (4, 9)], three (33.3%) 
had a primary lung tumor while the rest was diagnosed with 
gastric, colon and endometrial adenocarcinomas, esopha-
geal squamous cell carcinoma, quadriceps myxoid lipo-
sarcoma and a tumor of unknown primary site [20]. AKI 
was reported in all patients, while new-onset seizures [5 
(55.6%)] and cardiac arrhythmias [3 (33.3%)] were also 
frequent. Patients had an unfavorable course, with seven 
(77.8%) dying due to the syndrome and its related compli-
cations (Table 1) [20].

Τhe most common primary tumor sites in individually 
reported patients [38 (53.5%) male, median (Q1, Q3) age 
of 59.5 (49.0, 70.0), and CCI on admission of 7 (6, 9)] were 
lung [15 (21.1%)], colon [6 (8.5%)], and liver [5 (7.0%)]. 
The authors suggested increased age, large bulky masses 
[median (Q1, Q3) largest transverse dimension of 8.9  cm 
(6.0, 13.0)], metastatic disease, recent biopsy, dehydration, 
infection, preexisting kidney dysfunction or urinary obstruc-
tion, use of nephrotoxic drugs or medications that inhibit 
uric acid excretion, and increased baseline levels of WBC, 
phosphorus, potassium, uric acid or LDH as predisposing 
factors for the spontaneous emergence of TLS in adults with 
solid tumors. Forty (58%) patients had concurrent diagno-
sis of STLS and their underlying tumor. Most patients [61 
(87.1%)] had developed metastatic disease, with the liver 
[46 (75.4%)] being the most reported site, followed by lung 
[22 (36.1%)] and bone involvement [16 (26.2%)]. At the 
time of presentation, seven (10.6%) had LSTLS without 
CSTLS, 32 (48.5%) had CSTLS which was classified as 
mild as per Cairo-Bishop grading [i.e., 12 (18.2%) grade 
1 and 20 (30.3%) grade 2], and 27 [i.e., 23 (34.8%) grade 
3 and 4 (6.1%) grade 4] had severe CSTLS. STLS resulted 
in AKI in the majority [59 (83.1%)] of individuals, while 
arrhythmias, seizures, and symptomatic hypocalcemia were 
prevalent in only three (4.2%), one (1.4%), and two (2.8%) 
cases, respectively. For the reduction of uric acid levels, 
most patients were administered either allopurinol [18 
(27.3%)] or rasburicase monotherapy [18 (27.3%)], whilst 
the rest received no treatment [15 (22.7%)], or combinations 
of rasburicase with allopurinol [14 (21.2%)] or febuxostat 
[1 (1.5%)]. Patients had generally an unfavorable prognosis 
with high rates of need for RRT [25 (37.3%)], death related 
to STLS [36 (55.4%)], and all-cause death [52 (80.0%)]. 
Recurrence was rare (2.9%), with only 2 relevant incidents 
being recorded (Tables 1 and 2).

Patients with metastatic disease were significantly more 
likely to die due to STLS compared to those without any 
diagnosed metastasis [test of association p = 0.040; crude 
OR, 8.87; 95%CI, 1.001 to 78.63, pOR = 0.049], especially 
when one of the metastatic sites was the liver [p = 0.035; 
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Table 2  Histological types and metastatic sites by primary tumor site. Categorical variables are presented as frequencies (%)
Study type, N Primary tumor site Histological types per primary tumor site Metastatic sites per 

primary tumor site
Case reports, N = 71 Lung: 15 (21.1%) Squamous carcinoma: 5

Adenocarcinoma: 1
Small cell lung cancer: 8
Unknown: 1

Liver: 9
Bones: 1
Liver & lungs: 1
Liver & bones: 1
Unknown: 1
No metastasis: 2

Skin: 3 (4.2%) Melanoma: 3 Liver & lungs: 1
Liver, lung & bones: 1
Other: 1

Colon: 6 (8.5%) Adenocarcinoma: 6 Liver: 3
Lung: 1
Liver & lung: 1
Liver & bones: 1

Liver: 5 (7.0%) Hepatocellular carcinoma: 3
Adenocarcinoma: 1
Unknown: 1

Lung: 3
No metastasis: 1
Unknown: 1

Prostate: 3 (4.2%) Adenocarcinoma: 3 Bones: 1
Liver & bones: 2

Uterus (Endometrium/Myome-
trium): 4 (5.6%)

Endometrial adenocarcinoma: 2
Leiomyosarcoma: 1
Neuroendocrine carcinoma: 1

Liver: 1
Lung: 1
No metastasis: 2

Stomach: 4 (5.6%) Adenocarcinoma: 4 Liver: 2
Liver & bones: 1
Other: 1

Breast: 3 (4.2%) Adenocarcinoma: 3 Liver & lung: 1
Liver, lung & bones: 1
No metastasis: 1

Kidney: 3 (4.2%) Adenocarcinoma: 1
Sarcoma: 1
Urothelial carcinoma: 1

Liver & bones: 2
No metastasis: 1

Ovary: 2 (2.8%) Adenocarcinoma: 2 Other: 1
No metastasis: 1

Pancreas: 2 (2.8%) Adenocarcinoma: 2 Liver: 1
Liver & lung: 1

Adrenal gland: 2 (2.8%) Adenocarcinoma: 1
Pheochromocytoma: 1

Liver: 1
No metastasis: 1

Uterus – cervix: 1 (1.4%) Squamous carcinoma: 1 Lung & bones: 1
Gallbladder: 1 (1.4%) Adenocarcinoma: 1 Liver: 1
Esophagus: 1 (1.4%) Squamous carcinoma: 1 Liver & bones: 1
Other: 10 (14.1%) Melanoma of the eyeball: 1 Liver: 1

Retroperitoneal: 1 adenocarcinoma, 1 sarcoma, 
1 seminoma, 1 choriocarcinoma

Liver & lung: 3
Unknown: 1

Neck: 1 sarcoma Liver & lung: 1
Pelvis: 1 sarcoma, 1 primitive neuroectodermal 
tumor

Lung: 1
Liver & bones: 1

Unknown paracaval mass Liver & lung: 1
Neuroblastoma in the upper left hemithorax: 1 Liver, lung & bones: 1

Unknown: 6 (8.5%) Adenocarcinoma: 4
Neuroendocrine carcinoma: 1
Unknown: 1

Liver: 2
Liver & lung: 2
Liver & bones: 1
Other: 1

Cohort, N = 9 Lung: 3 (33.3%) Small cell lung cancer: 2
Adenocarcinoma: 1

NA

Stomach: 1 (11.1%) Adenocarcinoma: 1 NA
Colon: 1 (11.1%) Adenocarcinoma: 1 NA
Uterus (Endometrium): 1 (11.1%) Adenocarcinoma: 1 NA
Esophagus: 1 (11.1%) Squamous carcinoma: 1 NA
Other: 1 (11.1%) Quadriceps myxoid liposarcoma: 1 NA
Unknown: 1 (11.1%) NA NA
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uric acid levels but prevents further accumulation of this 
nephrotoxic metabolite [100]. Unfortunately, we were not 
able to further examine the hypothesis since the included 
case reports provided scarce quantitative data on the exact 
point at which rasburicase was administered. Considering 
that patients with metastatic disease in the liver or lungs 
were more likely to die than those without metastasis, we 
compared the administration of rasburicase between these 
groups (Table S8). Although only 1 out of 8 patients without 
metastasis received rasburicase (vs. 12 out of 43 or 8 out of 
22 individuals with metastatic disease in the liver or lungs, 
respectively), no strong conclusions could be drawn from 
this small sample. Nevertheless, the effect of rasburicase on 
renal outcomes or mortality remains unclear and has mostly 
been studied in pediatric patients with hematological malig-
nancies [97]. Data on adults mostly represent TLS on leu-
kemias or lymphomas and has demonstrated that the use of 
rasburicase may be significantly associated with increased 
remission of the disease but not significantly associated with 
mortality at the first year [94]. The urate-lowering proper-
ties of allopurinol may partially explain its observed reduc-
tion in the need for RRT. Large-scale studies in adults with 
solid tumors and TLS are required to compare the safety of 
short- or long-term administration of urate-lowering agents.

Finally, our study indicated a significant association of 
Cairo-Bishop CSTLS severity at the time of its presenta-
tion with the requirement for RRT but not with death due 
to the syndrome. Considering that renal complications of 
STLS might be more frequent than manifestations such as 
uncontrollable seizures or life-threatening arrhythmias, the 
Cairo-Bishop grade of CSTLS at the time of presentation 
might have been predominantly determined by SeCr levels 
[12]. As more evidence on STLS of solid tumors is accu-
mulated, future studies could investigate the prognostic 
value of updated classification systems that also account for 
factors related to tumor burden, such as metastatic disease. 
Of course, our data cannot question the importance of the 
Cairo-Bishop grading, since the analysis may have been 
underpowered and was based only on the status of patients 
at the point of LSTLS diagnosis. Besides, the classification 
system was designed more for distinguishing patients who 
require urgent medical interventions from those who do not 
[9, 12].

Strengths & limitations

As of the time of writing, this is the largest review trying to 
synthesize all available data systematically and separately 
on adult patients with solid tumors developing STLS. We 
have attempted not only to describe the characteristics of 
these patients, or the parameters related to the syndrome 
but also to investigate which of these parameters may be 

– especially in those with liver or lungs involvement – com-
pared to those without diagnosis of metastatic disease. A 
higher probability of death due to the syndrome was also 
observed in cases receiving rasburicase compared to those 
under no urate-lowering treatment or the allopurinol-rasbu-
ricase combination, while administration of allopurinol was 
associated with a significantly reduced likelihood of RRT 
need compared to no allopurinol or administration of rasbu-
ricase. Finally, CSTLS severity at the time of LTLS diagno-
sis was significantly associated with the need for RRT but 
not with death due to the syndrome.

Among factors related to high tumor burden, our data sug-
gested that only metastatic disease, especially in the liver or 
lungs, significantly increases the likelihood of death due to 
STLS. Previous literature has proposed metastatic disease, 
especially in the liver, to be associated with an increased 
risk for TLS development [6, 20, 30, 32, 33, 36–38, 44, 58, 
59, 93, 95, 96]. This is thought to occur due to increased 
tumor burden resulting in high purine pools and mechani-
cal compression by the lesions [6, 32, 93, 95]. These may 
lead to hepatic synthetic dysfunction and impaired uric acid 
metabolism [6, 32, 93, 95]. High purine pools and mechani-
cal compression of the non-cancerous tissue could also 
apply to cases of metastatic disease in the lungs. Similar 
mechanisms may be involved when examining the presence 
of metastatic disease not only as a risk factor for the spon-
taneous onset of the syndrome but also as an indicator of a 
worse prognosis. Interestingly, the liver and lungs were also 
among the three most reported primary sites of solid tumors 
resulting in STLS. Larger studies, leading to analyses with a 
higher power calculation, are required to detect differences 
in prognosis between different primary tumors and differ-
ent metastatic sites. Regarding other markers of tumor bur-
den, higher LDH levels on presentation were significantly 
associated with the need for RRT. As LDH may be, to some 
extent, indicative of cell lysis, elevated serum levels of the 
enzyme may reflect a more massive release of the nephro-
toxic intracellular factors into the circulation [2, 8].

Interestingly, rasburicase was associated with increased 
rates of syndrome-related death (when compared to no 
urate-lowering treatment or combination with allopurinol) 
or requirement for RRT (when compared to allopurinol). 
A possible explanation of this observation could be that 
rasburicase was reserved for patients with a more severe 
course of STLS and was possibly applied at the point of 
clinical deterioration [43, 51, 69, 74, 92]. Rasburicase is 
well known for achieving a rapid and significant reduction 
in uric acid levels, both the newly produced and the pre-
existing ones [2, 97, 98]. In this context, its prophylactic 
administration is recommended in patients with hematologi-
cal malignancies and at high risk for developing TLS [99]. 
On the contrary, allopurinol does not reduce preexisting 
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Conclusion

The synthesis of evidence on adult patients with solid tumors 
developing STLS demonstrated that metastatic disease, 
especially in the liver or lungs, and administration of ras-
buricase may be both associated with increased likelihood 
of death due to the syndrome compared to patients without 
any diagnosed metastasis and those receiving no urate-low-
ering treatment or the allopurinol-rasburicase combination, 
respectively. The need for RRT was found lower in patients 
receiving allopurinol than those not receiving allopurinol or 
those receiving rasburicase. The observed linkage between 
rasburicase and worse prognosis may be partially attribut-
able to the potential selection of patients with a worse course 
of the syndrome to receive this specific agent. The CSTLS 
severity on its presentation was significantly associated with 
the need for RRT but not with death due to the syndrome. 
Based on all these findings, larger studies addressing the 
limitations of current literature and investigating the poten-
tial of underdiagnosis or underreporting of STLS in solid 
tumors are needed to compare the efficacy and safety of 
different management protocols and to identify unexplored 
triggering factors and predictors of worse prognosis.
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associated with the need for RRT and STLS-caused death. 
The latter has not been addressed by previous studies in this 
subset of patients. Our findings may generate hypotheses in 
terms of prognostic factors of TLS in solid tumors and guide 
future clinical research.

However, our study also has certain limitations. Firstly, 
our small sample size has introduced a higher probability 
of type I error, leading to underpowered analyses, and not 
allowing to safely fit any multiple regression models. Sec-
ondly, the included population was highly heterogenous, 
consisting of various cancer histology, primary sites, and 
disease stages. Since a subgroup analysis by primary sites 
would be underpowered, we used the total sample inves-
tigating the effect on STLS-caused death and the need for 
RRT. Although we searched for all possible study designs, 
our findings were derived from case reports which are con-
sidered very low-quality evidence. Data from case reports 
are collected in a retrospective manner, and are, therefore, 
accompanied by a high risk for selection or confounding 
biases and subjectivity [13]. In addition, there is currently 
no specific cut-off timepoint that defines the spontaneous 
character of TLS. Despite using a cut-off of one month 
after the last administration of responsible agents, we found 
no studies that were excluded only due to this criterion. 
We should also highlight that Cairo-Bishop definitions of 
both LTLS and CTLS are based on cases of chemotherapy-
induced TLS [12]; however, these are the most widely used 
definitions in the literature on TLS and the definitions used 
by the included studies. Of note, laboratory markers may 
have been measured at different timepoints during the evo-
lution of STLS between the different case reports. The same 
issue applied to the Cairo-Bishop grade of CSTLS sever-
ity which may constantly change during hospitalization. 
We attempted to address these inconsistencies by recording 
clinical severity and laboratory measurements on patients’ 
presentation (i.e., at the point at which the diagnosis of 
LSTLS was established). Of course, this does not guar-
antee an identical time point of measurement. Reporting 
on dosing and timing of administration of urate-lowering 
agents and other supportive treatment was also inconsistent 
between the different case reports. Lastly, and due to the 
lack of control groups (i.e., patients not developing STLS), 
our data did not allow us to investigate for predisposing fac-
tors of STLS in a way other than narrative reporting of the 
triggering factors suggested by the authors. Larger studies 
that will better determine the parameters described above 
are required to compare different urate-lowering regimens, 
in terms of efficacy and safety, and identify currently less 
known triggering factors or predictors of worse prognosis. 
Nevertheless, conducting such studies is challenging when 
considering the rarity of TLS of solid tumors, especially 
when the analysis is restricted to cases with STLS.
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